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.part of education, has a primary duty in this d 


PREFACE TO THE FIRST EDITION 


в С | 5 
ae; ‘Experiment is the interpreter of nature. Experiment never 
leceives. It is our judgement which sometimes deceives itself, 


because it expects results which experiment refuses.” 
: —Leonardo da Vinci 


ed We are living in a modern age. A complete and generous 
а ucation is a prime necessity now, when the competition for 
хеле is growing every moment and the struggle for inter- 
national supremacy is threatening the very civilization. 

While the modern 


We are moving fast, infact too fast. 
to touch, the man of 


myentions have made our actions responsive 
omorrow must know how to keep pace with them. The future 
man is being manufactured in our class-rooms and laboratories 
now. To keep pace with his future environments, he must develop 
in him the technique of maximum output with the minimum of 
time, energy and material. The present day education ought to 
help him to acquire that. ‘Plus Two Experimental Physics’ as a 
jrection. 

This book presents a text on experimental Physics intended to 
meet the needs of Class XI students opting for new Physics courses 
at the Plus Two stage of 10-2 year pattern of education. The 
book has been written after a long and direct contact of about 30 
years with the students of Physics and in this period of contact I had 
the privilege to come across the actual problems confronting students 


in the laboratories. 


The broad objectives of the new ех 


(1) to develope curiosity of the students. 

(2) to learn scientific method and develop creative ability 
through experiments and investigations, ап ( 

(3) to emphasise practical work ín physics through interesting 


experiments, both short and long several of which can be done by 


using low cost items easily available. 


perimental course are : 


The aim of the book is, however; not to replace the teacher. 
The teacher in the bh can always train а young pupilos ; 
Proper Jines ;.the present book is to serve as an aid for this 
Purpose, 

. „The book is wri i simple and lucid language and is 
strictly according НЕ А Syllabus prescribed by the Central 
Board of Secondary Education, New Delhi. In the book, greater 
emphasis has been laid on the experimental, rather than the 
theoretical aspect of each experiment. Of course, the theory 


(iit) 


and the principle of each experiment essential for its successful perfore 
mance has been fully described and discussed. While describing 
the steps of procedure for the experiment logically and systematically, 
attention has been pointedly drawn to the important precautions to 
be observed at this stage. The record of observations is an 
important part of the. procedure of the experiment. For this 
purpeso simple and self explanatory tables have been drawn and, 
by way of illustration, actual readings have been inserted in some 
experiments and steps of calculation have been methodically shown. 
Whatever and whenever possible, graphical methods have been 
introduced, : 


1 Figures of instruments and diagrams required for the experi- 
ments have been neatly and accurately drawn. They are mostly 
sectional, simple and their important components:have been labelled. 
Various vital points for drawing scientifically correct conclusions 
from the observations of an experiment have been discussed in 
sufficient details in the “INTRODUCTION”. : 


A special. feature of- this book is that at the end of every 
experiment there are specimen Oral Questions with their Answers 
(which are usually asked at the time of Board Practical Examinations) 
concerning the experiment whereby the student is encouraged to test 
his grasp ofthe principles. This has been done with a purpose 
to lead the student to a better understanding of the experiment as a 
whole and thus to face the Practical Examinations with confidence. 


I am thankful to several of my colleagues and; friends and 
former students for their suggestions, criticism and help in the 
Preparation of the book. I shall feel greatly obliged to those 
readers who will bring to my notice the shortcomings of the book 
and forward to me their suggestions for its improvement. 


The book fully meets the requirements of the changed syllabus 
in Practical Physics for Class XI of Senior School Certificate Exami- 
nation of the Central Board of Secondary Education, New Delhi. 


The author wishes to express his special appreciation to the 
publishers, M/S PITAMBAR PUBLISHING COMPANY for their 
good work and painstaking efforts in bringing out this book in a 
short period of time. 


PREFACE TO THE SECOND EDITION 


In this edition, the experiments have been rearranged according to the 
various sections as per the new syllabus. I hope the book in its present form 
will prove more useful. ‹ 


K.K.M. 
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NOTE | 
Students are required to perform 16 experiments in all, at least two 
experiments each from section A, B, C, D, E, F, G and H;iniClass XI. 


Students will be required to conduct two experiments in the examination in 
Class XI. ; - 


Distribution of marks is as follows : 


Two experiments =10 х2 = 20 marks. 


VIVA — = 5 marks. 
Records = 5 marks. 
Total = 30 marks 
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INTRODUCTION 
(Accuracy, Errcrs, Graphs and Units) 


“Nature ts ever making signs 10 us ; she is ever whispering to us 
the beginning of her secrets ; the scientific man must be ever on the 
watch, ready at once to lay hold of nature’s hint, however small ; to 
listen to her whisper, however low.” —M. Foster 


In the world around us various natural phenomena are cons- 
tantly occurring. The sun rises and sets causing the succession of 
day and night. The seasons follow in regular cycles. The weather 
undergoes constant changes. The stars, lightning, rainbows and 
many other things we notice have beef the cause of wonder and 
curiosity to man. : 


Gifted with an inborn intelligence, man has constantly tried to 
know the cause of the natural phenomena and the natural changes, 
which he observes іп his life. This enquiry carried on through 
generations, has led to a considerable amount of knowledge which 
we call Science. It is a Latin word which means ‘to know’, Ina 
general way, therefore knowledge of all kind is included in science, 
but in the ordinary accepted sense, Science is that branch of know- 
ledge which studies nature, its working and' its laws. Knowledge 
connected with non-living bodies or inert masses which go to make 
up the world is called the Physical Science, but physics concerns 
itself with an investigation of matter and energy. 


Experiments. The growth of science has been very rapid i 
the last three hundred years. In this period, the орнош 
of nature has been persued and it bas proved extremely fruitful in 
revealing new knowledge, and as a means of deciding different 
theories, Galileo (1564-1642) may be called the father of experi- 
mental sciences. A process of takin; 


deliberately arranged so as to answer 
an experiment. The object of performing an experiment of Physics 


reads in theory. It further prov! 
learn the habit of systematic observa 
and thus train him in “How to do f 


regularly." | 

Intelligent work is тоге important than good results ; students 
who try to change their observations simply for getting accurate 
results, do not work with the true spirit of а scientist. 


tions and methodical procedure 
hings honestly, efficiently and 
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Accuracy of Observations 


The fact that the accuracy of the final result is determined 
by the accuracy of the individual measurements and that all the 
measurements should be taken with upmost care is true but some- 
times we may err оп ће other side, ie, we may waste time in 
taking some reading too accurately. It is no use taking one observa- 
tion to a much higher degree of accuracy than the other observations 
because it will not make the result more accurate. The accuracy of 
the result is the same as that of the least accurate observation. 


The strength of a chain is known by its weakest link and so a 
good observer will always look at the weakest spot in his measure- 
ments. He would take the quantities one by one as they occur in 
the formula and would calculate the % error involved in each 
measurement with the instruments provided. Those -quantities 
which involve large % error would need his keen attention and he 
would use, if possible, an instrument of greater precision for their 
measurement, and thus bringing them to the level of the other 
measurements. 


In an experiment all observations are not equally important 


and the student should have a good idea of their relative importance ` 


so that the accuracy ina particular observation is not unnecessary 


pushed up. -More attention should be paid to most important 
observations. 


For example, consider a wire of correct diameter 1:00 mm. If 
by mistake it is found as 1:02 mm, the error of observation is INYO 
Its correct and observed area of cross-section (nr?) is 0:786 mm? 
and 0:817 cm? respectively and the error in its measurement is 
4%. Ifthe radius is raised to 4th power, the error would become 
8%. The % error in the result is as many times greater as is the 
power to which the quantity is raised. So the quantity having the 
meles power shouldbe measured with highest precision than the 

Accuracy Ordinarily Expected in a 
Measuring Instrument 

The accuracy of a single observation made witha measuring 
instrument depends upon thè instrument as wellas on the skill and 
care with which the obseryation is made. Assuming that the instru- 
ment is correct and that reasonable care has been taken in carrying 


out the measurement we may expect that the error of a single obser- 
vation lies within the limits mentioned below : , 


Instrument Error 

Metre-stick (in mm) I cii 
Vernier Callipers (Vernier Constant—0'1 mm) 01 mm 
Screw Gauge (Least Count—0:01 mm) - 001 mm 
Spherometer( ;,,  , Red) 1 0:005 mm 
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Instrument E Error 
Physical Balance 


(Sensitivity 1 mg per small division) 2mg 
Physical Balance (method of oscillation) 1 mg 
Thermometer (05°C diy.) : 0:2°C 

a (Using eye-estimation) 

Thermometer (0°1°C diy.) 2 0:05°C 
(Using eye-estimation) 

Stop watch (4 s.) ; 25, 


. . The table is meant to give the student. a rough idea of the 
limit of accuracy and should not be taken exact. 


The observations should be recorded with the same degree of 
accuracy as the measuring instrument permits. For example, in the 
Measurement of the temperature with a half degree thermometer it 
is foolish to put down the reading correct upto a second place of 
decimal say 26°69, because the least count of the thermometer is 3° 
and at the most we can estimate upto 1/10th of a degree. Thus witli 
Such thermometers the observations of temperature should be 
recorded only upto the first decimal place. 

It is commonly used to denote the reliability of the indication 
of a measuring instrument, when taking an observation, fraction of 
the Smallest divisions may be estimated and recorded as far as 
Possible. For instance, a length found to be exact 9 cms should be 
recorded as 9:0 chi to indicate that nearest mm has been read. Simi- 
arly, a temperature reading found to be exactly 25° should be regis- 
tered as 25 0* to indicate that 10ths have been read and so for the 
mass if it is 7675 g, it should. be noted as 76:500 g to indicate that 
correct upto amg: has been weighed. 

You may find that i i ll your efforts, there may be 
some Шен between ANA SEE. VEREOR and the standard 
value from physical constant tables. Absolute error is the difference 

tween calculated result and the standard value. Remember, it is 
Not the absolute error, bnt the "percentage error.which is the ratio 
9f the absolute error to the total magnitude of the quantity multi- 
Plied by 100 that determines the accuracy of a measurément. 1f, for 
example, a student gets the value of gas 960 instead of 980, he is 
terrified by this large difference of 20 which is the absolute error, 
but he feels satisfied when he gets 0:000013 as the coefficient of 
linear expansion of iron in place of 07000011. The first result, how- 


ever, is only 20100 or 295 approximately low, whereas in the 


80 
second there is an error of a = 18%. If you find that your 
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result does not tally witk the standard value, do not cook it by changi- 
ing your observation or writing fictitious reading or by dêng wrong 
calculations but try to find out the. cause of errors and state it in the 
sources of error. ч 


ERRORS 


The quantities, which the students generally measure, may be 
mass, length, time, volume, temperature, current, potential diffe- 
rence, degree etc, In all these cases observation finally reduces to the 
reading of a scale or noting the coincidence between two marks. As 
the personal judgement of the observer is employed in estimating 
the coincidence between two marks or in recording the position of a 
pointer which is between two marks of a scale, so an error is inevi- 
table. Besides, slight changes in experimental condition (e g., small 
changes of temperature, pressure, voltage, etc.) may occur during the 
experiment and lead to small uncertain errors. 


1. Random Errors. The errors arising out Qf small changes 
in the experimental conditions and the personal judgement of the 
Observer are known as random errors. When random errors are due 
to entirely to chance, and not due to any personal bias on the part 
of the observer, they ate likely to be positive as well as negative. 
When an observation gives a higher value than the true one, the 
error in the observation is said to be positive. Large random errors 
due to chance are less likely to occur than the small. Ifa large 
number of observations of the same quantity is made, it is likely 
that most of them will have. small errors, each one of which has as 
much chance of being. positive as negative. Hence the arithmetic 
mean of several readings is likely to be closer to the true value than 
any one of the individual readings. 


Values to be Rejected. Sometimes it happens that o; 
Observed values differs rather widely from tha. rest. Sud ES 
included in taking the arithmetic mean? If the Telative difference 
when calculated in % is very large, it should be certainly rejected, 
But unfortunately the difference is not always so pronounced 3 
would justify declaring it ‘too large and fit to be rejected’. No [дел 
rule could be laid down to say whether а pa:ticular observed v 18 
should be rejected or retained in taking the mean. To beginn E 
following process based on practice will suit. Qus e 


“Find the difference between arithmetic mean and each indi- 


vidual reading. Add up these differences, disregarding the sj j 
take their mean which will represent the mean ero ORE 


Let the values of focal length in cm of a lens as obtaine 
student be (i) 37°2, (ii) 37°9, (iii) 38:3, (iv) 38 1, (у) 37:8, (CEST 
The arithmetic mean is 379. The difference between the mean and 
the individual values are respectively (i) —0°7, (ii) 0:0. (iii) +0°4, 
(iv) +0°2, (v) —0:1, (vi) +0°1. When these are added up disregard- 
ing their signs, value is 1°5 and the mean value is 1:5--6—0:25. This 
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value 0:25 represents the mean error and the student may express his 


value as 37°9+0°25 cm. 

2. Systematic Errors. If during an experimenta factor 
operates in such a way as.to make.the observed value always higher 
or lower than the true value, this type of error is said to be systema- 
tic e.g., instrumental errors (zero error, bench error, etc.) radiation 


loss or gain in calorimetry. 
In the case where the source of systematic error is known, 
action. should be taken to remove it. Thus, the zero.error of a. read- 


ing instrument is checked and the proper correction is applied to 
the reading. Error due to radiation loss is allowed to occur and 


. then corrected for. 

In some cases, the source of systematic error may not be 
definitely known but its existence is apparent. In such cases, the 
experiment is repeated under. different conditions. If variation of 
conditions does not change the result, one may set his mind at rest 
that there is по systematic error. 


Arithmetic Mean. When a large number of observations 
are required, as in the measurement of the diameter of a wire, the 
readings should be taken all over the length and in various direc- 
tions, even if most of them happen to be the same. They should 
all be recorded and their. arithmetic mean be taken. For taking a 
really independent reading in the repetition of an experiment, 


either, if possible some other part of the scale should be used or 
d be altered and the 


the magnitude of the various quantities shoul 

result be calculated in each’ case. The mean result, must then be 
found. Ifin an experiment on simple pendulum 4, As, l, be the 
three widely different lengths and fı, fs, ta the corresponding time 


periods, then the mean is not taken of the three lengths and the 
tion and the 


three time periods, but I|t* is calculated for each observa 
It would be 


mean is taken of the nearly constant results of lft. 
h observation and then get the 


unnecessary to calculate ‘g’ for cac hen 
mean value of ‘g’, for, in each case l/t? is to be multiplied by a 
constant 472, 

Sometimes due to an accidental error of observation, а 
particular result comes out to be exceptionally too high or too 
low. This should be rejected or its observations, if possible, should 
be checked again, for it will otherwise mar the whole result: Mean 
cannot be taken when the different results are very much different 
from one another; In such.cases the.experiment should. he perfarmed 
again until the differences are reduced to within the experimen 
error. 


Combination of Errors 
f two quantities are to be 


: E 3 1 
(a) Addition and subtraction. the enor in the result is 


added to or subtracted from each other, 
not obtained by using the fractional errors. The two errors are 
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added together for both addition and subtraction and the result 
is expressed asa fraction or percentage of either the sum or the 
different of the two quantities. Thus if the two measured quantities 
have values x-+8x and y-dy the value of the sum will be quoted 
as x-+y+(8x+8y), and the value of the difference will be x—y+ 
(8x-+3y). 

(b Multiplication and Division. If two quantities x and y 
are multiplied together, the fractional error in the product is the sum 
of the two fractional errors in the x and у. Let.àx, бу be the errors 
in x and y. Then the error in the product will be in the range : 


(xx) (ydy)—xy=+ybx+x8y. 
We neglect 3x3y as it is small compared with удх, xy etc., then 
the largest possible error (positive or negative) in xy will be 
-E(yàx--x8y) and the fractional error in xy will be + (=) zl 
8y 
(>) i.e., the sum of the fractional errors in x and y. 


: > ` by 

The largest value of the quotient will be cp i.e.,an error 
gu x] or a fractional error of 
(у—8у) ر‎ 


[( х+8х )-z]- x. _ xysybx—xy-xby у - dy 
y-8y | yl» y (у—бу) x Lx +2] 


neglecting 5y in comparison with y. 


(x—8x) 
Y Quà) anda 
similar calculation shows that the fractional error is now 


SE 7 
)ا‎ = Th in — wi 
[( x F y us the quoted error in y will be 


èx \ (o ) 
ا‎ 

(c) Powers. It is obvious from the above that, if th 
quantity x is multiplied together ‘n’ times (i.e., x" is obtained), i ihe 


fractional error in x? is “л” times the fractional error in x. It i 
‹ r S e . Itis no 
quite so obvious that, if the nth root of x is taken, the fractional 


253 5 
error is -— of the fractional error of x, so we shall prove it using 


Тһе smallest value of the quotient will be 


the binomial theorem. 

8x Mn 
Error — ^x èx) ан (14 =) xt 
Mp We dy — lm їп By 


=% =x 


nx nx 


=x 
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Fractional erronea 5 èx 
С . 
(d) Logarithmic Functions. If the final result contains a 
logarithmic function, there are two ways of dealing with the error. 
In the first, the logarithms of the mean value plus and minus the 


error are found, the difference taken, and this is expressed asa 
fraction of the log of the mean value. Secondly, 


y=logex . 
ôx 
y= — 
VE 
dy _ 8× 


DES and so the error can be calculated. 

(€ Trigonometrical Functions. Quite often the final result 
depends upon the sine or some other trigonometrical function of an 
angle that has been measured. The fractional error wanted wil! be 
that of the function and not of the measured angle. Supposs an 
angle 0 has been measured with an error of 30, and the final result 
includes the expression sin Ө. 

error іп sin @==8 (sin 0) =соѕ 6 88. 
30 
tan 0. с 
Now tan 0 can have all values from 0 to co so that the fractional, 
error can have all values from infinity to 0. 


m SH ium is m d as 40^ 41°. 
Suppose the critical angle in a medium is measure 0. 
What is the fractional error in the vatue of the Refractive Index ? 


fractional error— 


р = za 0 
B= dag =cosec 
$u— —cot 0 cosec 0 30 
zu =—cot 0 50, 
E 
zn 1. 
cot 40*—1:19 , 30—1*— -i80 = 60 
ёа 119 1 
p 60 50 4 
p=cosec 40?—1:55 to 1 part ш 50 
=1:55 003 


Suppose y —tan x 
3y—sec! x 8x 
бу. 1 28x 
y созхѕіп х Бо sin 2x ` Le, x—AS* 
This is obviously smallest when sin 2x вена Lue E 
If it is possible to choose, one chooses, angles 
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Examples on the Calculation of Errors 


Example 1. Тһе following observations were actually made 
déringam experiment to find the value of ‘g’ using simple pendulum. 


Length of simple pendulum=/=100 cm 
Time for 20 vibrations=40s 


Now Т=2к Al 21 when T=time period 
g 


J=length of the simple pendulum 
в= acceleration due to gravity 


7. go4mi ХК =4п? where t=time for 20 vibrations 


1 
2 з 
ae 


8 
or g=4r?l. (97. i 


Taking log of both sides 
log g-kog 4+2 log x+log /+2 log 20—2 log t 
Differentiating, we have 


8 
3 Lo o4 9r «97 2. 
g t 


Converting the negative-errors into positive ones for maximum 
effect, we have 


MOM 28t ' 
EU у t 


3 А б, 
^ س‎ 42x91 as 91—0:1 cm=least count of metre scale 


and 31—0:10—least count of stop watch. 
8 
P “y= 07001-00050 — 0'0060. 
-. Maximum possible error —0:0060» 100 
=0°60%. 


As maximum contribution to total'error is 9:5 i ў 
100) зо ‘f’ should be measured very carefully. mx 


, Example 2. The following observations were actually made 
during ап experiment to find -the‘radius of curvature of a concave 
mirror using a spherometer. 


1—4'4 cm, h=0°085 cm 
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h 
2 
Taking log of both sides 
log R=2 log /—log 6—log h+log h—log 2 
Differentiating both sides 
èR 28! 8h èk 
Rien ri. t Ra О: 
Converting the negative errors into positive ones for maxinrum 
effect, we have 
SR 281 28h 
ROT A. 
2x01 Й 
T4 (AR as 8[=0'1 cm- Least count of metre 
scale. 


and 85=0"001 cmz Least count of spherometer. 
=0°045+0°023 À 
=0°068 
-. Maximum possible error 0:068 x 100 


=6:8%. 
It is important t the maximum contribution to total 
p to note tha error i.e., 4°5% in the 


error in the result is due to the individual 
measurement of distance (J) between the fixed legs of the sphero- 
meter. Hence ‘I’ should te measured most carefully. 


GRAPH lati 
bcd d Е i tion 
A graph is aline, straight or curved, showing the rela 
between two variable quantities (or their poWers or dec end 
which one varies as a result of the change In the other. n" 


however, a much deerer significance. 
tion ofa landscape can 


-Just as no amount ofa wordy descrip nti i 
convey the same, vivid idea to the mind as a Later ashe ДЕЙ) 
photograph, so also no amount of data, however iA variable 
can give as clearly an idea of the relationship PESO a scientist as 
qvantities as a graph. A graph has the same uti ity to 


a picture for a layman. t раа 

In hospitals, regular temperature chats сте КРО ше 
ents so that the doctor may at once sce how the рше: Кр 
ture is rising or falling. This would оге роза entered in 
given figures of temperatures and time, ad d widel eed 
a tabular form. Not only this, these days grap ing the inneke 
in almost all departments. There are graphs showing 


Now R ds 
ow mehr 


= 


( xxi) 


and decrease of revenue in various government departments. You 
can also have a graph how your income and expenditure varies 
monthly. ' 


A. graph gives not only the relation between two variable 
quantities, it also enable us : 


l. To determine the value of a quantity not actually observed 
during tbe experiment, e.g., the temperature of a patient can be 
known from the graph for a time when it was not actually taken. 

2. To verify certain laws e.g., Boyle’s law, it tells us how far 
we haye succeeded in taking our observations correctly, for if we 
do not obtain the required form of a graph for the given relation, 
we have obviously done error somewhere. The graph shows the 
magnitude of the error also. 


_3. To calibrate certain instruments and to determine their true 
readings, e.g., ammeter, voltmeter, etc. 


How to Plot a Graph. Graphs are generally plotted ona 
Paper ruled in millimetre square. The following are few simple 
Tules that will help a student in plotting a good graph. 


х il For drawing a graph, take at least six observations extend- 
Ing over a wide range. 


LENGTH LIN cm — 
Pa" 


Fig. (i) 


2. In cast all the observations are positive, draw two thick 
lines at right angles to each other at the bottom and at the left hana 
Gige ofthe paper to indicate the axes of reference, the horizontal 
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line as the abscissae or x-axis and the vertical lines as the ordinate 
or y-axis intersecting at a point О, called the origin. If the observa- 
tions also include some negative quantities, the origin may be taken 
somewhere in the middle of the paper. 

3. Asa general rule, the quantity that is made to alter at will 
is called the independent variable and is plotted against the x-axis 
and other which varies as a result of, this change is called dependent 
variable and is plotted against y-axis. Write clearly under the two 
axes the quantities which are represented by them. 


Examples. (a) The relation between natural numbers 
(independent variable) and their squares (dependent variable) can be 
easily represented by a graph. 


(b) In the simple pendulum where the time period is measured 
for different lengths by changing the length, length is the independent 
variable and the (time period)? or (t?) the dependent variable. 


(c) In the verification of Boyle’s Law where the volume is 
measured for various values of pressure, pressure is independent 
variable and volume (or 1/V) the dependent variable. 

Sometimes for the sake of convenience, the independent 
variable 15 represented along y-axis and the dependent variable 
along x-axis e.g., in the case of simple pendulum it is more conve- 
nient to take ‘I’ along the y-axis and £ or ¢? along the x-axis. 


4. The scale along each axis should be chosen with a view 
to utilise the large part of the graph paper and at thejsame bus 
retaining convenience of plotting. The unit of length оп The grap 
paper and the unit of the quantities to be plotted shona саго 
each other, a simple ratio. -To achieve this, ло тош ihe data 
nearest and slightly less than the minimum унеш с-з 
should be taken near the origin and the nearest TOUT 4 ч sting 
the maximum value and slightly greater at the end of the ар 
axis, the successive value being laid along the axis in ап asce : 
order. 

The student need not be disheartened if his points 22 V m 
on the actual line or curve. They are the са eee ee aa 
a measure of, the amount of unavoidable experimental err. 


his honesty. TUN 1 
ra 
When is a Straight Line Graph Expected ? ҮЕ ent 


i i i lines, as 
generally drawn in Physics should be straight "n T 
may judge by mere look whether a graph is a straight line where 


( xxiii ) 


aum 


as it is difficult to say whether it forms the part of an ellipse or a 
parabola. The attempt, 
therefore, always is їо Үү 
plot graphs between two 
such quantities as will 
yield a straight line. 


In order to under- 
stand when to expect a 
Straight line graph, lét 
us study the graph 
shown in Fig. (ii). Here 
the ratio y/x—yi/x, or 
broadly spefking y/x is 016 
constant for every point 
on the graph and is equal 
tan 0, where 8 is the FIG (ii) 

-angle that the graph makes with the x-axis. Thus, whenever the 


ratio y/x between two variable quantities is constant, one should 
confidently expect the graph to be a straight line. 


As in Boyle’s Law PV or xy is constant and not PIV or х/у, 
the student should put his quantities in the form of x or P and | 
‘ly or 1/V so that xx 1/у or PX1/V will again be a constant and 
the resulting graph cetween P and 1/V isa straight line. It is for 
kis very reason that a graph between length and (time period)? is 
generally plotted in the case of a simple pendulum. 


The reader will probably already know that any equation 
relating two unknown quantities y and x in which no powers 
higher than the first occur will yield a straight line when y is 
plotted against x. We can arrange any such linear equation in the 
form |y=mx-+c|. The quantity ‘m’ is called the gradient or slope 
ofthe line. Lines with the same value of *m? are all parallel 
Fig. (iii). The quantity “с” is a measure of the distance “ОВ” and 
is called the intercept on the y-axis; the intercept on the x-axis 


. =€ : Л 
ism When a straight line graph is used as a source of infor- 
mation we nearly always measure the slope or intercepts or both. 
Measurement of the Slope of Line. Select two points A, B 
on the line drawn—not necessarily Observational points—which are 
well separated Fig. (iv). Record from the graph the values òf ул and 
xa (at A) and of ys and xs (at В). Then the slope is 
JA BE 
Xs—x4 CA’ 
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It.must be clearly understood that the distances BC and CA must 


= х 
0-а - -> o 
a Е FIG fi) 
е measured іп the units of the scales of the graph and: not in centi- 
Y 


(Ye — Ya) 


Ok -- 


m з FIG (IV) 


metres or in ‘squares’. They are not merely distances e.g. if OY 
represents volts and OX amperes, the slope would be measured in 
4 Measurement of Intercepts. If as in Fig. (iv), the origin O 
fiom which the two scales are measured appears on the paper, it 1s 
ensy to read off the intercepts OL and OM directly. SO 
however, the scale, chosen for quite sou 1 ch that t 11 
origin does not appear on tlie paper. Tn such instances two wel 
separated points arc selected as before and the values of M y» 
x» are:read fromithe:sčalos:ás before. Then yacmxa-c ane yv 
mxs-+c, so that by solving these equatio 
—< may be found. Alternatively the intercept Оп 
often'be read from the graph and then ifm is measured, we can 
calculate the-other. р 


one axis can 


(хх?) 


Deductions’ from curved graphs. Quantitative information. 
is usually derived from curves by measuring the slope of the curve at 
particular points as in the determination of rate of fall at tempera- 
ture from a cooling curve, or by determining the position of a maxi- 
mum or minimum, asin finding the minimum deviation produced 
by a prism or by measuring the area between the curve and the axis, 
as in the computation of total charge passed during electrolysis. 


Measurement of the Slope of a Curve. The slope of a curve 
ata given point is the slope of the tangent to itat that point. The 
problem is, therefore, to draw a tangent to a curve at a particular 
point P (Fig. у). A good method is to place a plane mirror so that 
the reflecting surface is perpendicular to the curve at P. Turn the 
mirror about until the curve and its reflection in the mirror appear 
as one continuous curve. The reflecting surface is then normal to 
the curve ; so rule a line along its base with a pencil. The tangent 
is then the line through P at right angles to this normal and can be 
drawn with a set square and its slope can be measured as for any 
other straight line. 


^ TANGENT 
2 


FIG (v) 


der the curve Tei 


à the time axis, will'represent 
the total charge,passed in coulombs. For during any small interval 


‘1’ the current may be considered to have a constant value I and so 
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o2NvUo 


р rae 


I(amp) 


патр) —» 


9 t (sec) —> 


PES аца) FIG [vi Ы) 


the area shaded in Fig. [vi (a)] represents the charge passed during 
this short-time. Hence the total area lying between the curve ang 
the line OT represents the total quantity of electricity which bas 
passed through the solution. It is probable that the. graph may be 
drawn more as in Fig. [vi (b)] with true origin not appearing i.e., 
with the area under the line LK [Fig vi(a)] omitted. This will 
enable the variations in current to be shown on a large-scale. If 
such is the case remember to add the area under LK to the total 
computed from your graph. 


The easiest method for determining the area is first to count 
all the large squares in the area, ticking them as recorded. Then 
count the number of small squares in each remaining portion of a 
large square. Ignore fractions of small squares less than half and 
count all greater than half as complete squares. .Then add any 
correction for area not shown. Finally work out from the scales of 
that two axes what each square represents and multiply. Thus in 
Fig. [vi (b)].if one large square vertically represents 01 amp. ae 
one large square horizontally represents 30 s. the area of each 
large square will represent 0°1 x 30=3 coulombs. 

In all cases it is important to check that the are: 
curve and the correct axis measured. 


LOGARITHMS 
“а rule to shorten Arith- 


a between the 


[Logarithm which literally means 
matic”, “reduces to few days the labour of many AE E en 
doubles, as it were, the life of a mathematician Si ET 
from the errors and digest inseparable from long E 
Logarithms were invented by Napier. 
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* My lord, I have undertaken this journey purposely to see your 
person, to know by what engine of wit or ingenuity you came first to 
think of this most excellent help in Mathematics, viz., the logarithms. 

— Briggs to Napier 

Definition and Notation. If a*=N ; then x is called the loga- 


rithm of № to the base a, and is denoted by loga N (read “log N to 
the base а”). 


[In words: The logarithm of a number to a given base is the 
index of the power to which the base must be raised to equal that 
number.] 


Example. We know that 31—81. Therefore 4 is the logarithm 
-of 81 to the base 3, i.e., log; 81—4. 


Logarithms are of two types : (i) Naperian in which the base is 
е. They are used in practice. (ii) Common, in which the base is 10. 
They are commonly used. When the base is not mentioned, it is 
implied that the base is 10. Four-figure Logarithm Tables of natural 
numbers to the base 10 are given at the end of this book. 


Common Logarithms 


Logarithm of a number consists of two parts : 


(1) Characteristic is the integral part (whole or natural 
number). 


(2) Mantissa is the fractional part generally “expressed in deci- 
mal form. 


Note : |The mantissa is always positive.| 


How to find the characteristic of a number. The Charac- 
teristic depends on the magnitude of the number and is determined 
by the position of the decimal point. For number greater than one, the 
characteristic is positive and one less than the number of digits to the 
left of the decimal point. For numbers smaller than one (decimal 
fraction), it is negativ 


1 e and one more than the number of zeros between 
the decimal part and first digit. 


Examples : Characteristic of 


530800 і5 5 
5308 is 3 

53:38 15 1 
5'308 is 0 

5308 is —1 
'05308 is —2 
*0005308 is —4 

00005308 is — 
The negative characteristic is usually written as 1,2, 4, 5, 

etc., and is read as bar 1, bar 2, etc. 


How to find the Mantissa of a number. The. value of 
mantissa depends on the digits and their order, and is independent 
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of the position of the decimal point. As long as the digits and their 
order is the same the mantissa is the same, whatever be the position 
of the decimal point. 

The .logarithm tables give the mantissa only. They are usually 
meant for number containing four digits, and if a number consists of 
more than four digits, it is rounded off to four digits 632562 should 
be taken as 6326 and 632537 as 6325. To find mantissa tables are 
consulted in the following manner : 


1. The first two significant figures of the number are found 
at the extreme left vertical column of the table wherein the number 
lying between 10 and 99 are given. The mantissa of the digits which 
are less than 10 can be determined by multiplying the figures: by 10, 
i.e., the mantissae of 2, 20, 200 and so on, is the same. 


2. Along the horizontal line in the topmost column the figures ` 


[01112131516 [7]819]i0|aregiven. They correspond to 
the third significant figure of the given number. 

3. The difference for the fourth significant digit is given 
further in difference column under [1231456] 78:9]. From 10 
to 19 double differences are given. If the third figure is from zero to 
four the upperline should be read and for the figures from 5 to 9, 
lower line. - Я 

Example 1. Find the logarithm of 3686. - 

The number has 3- digits to the left of the decimal point. 
Hence its characteristic is 2. 
^ To find the mantissa ignore the decimal point and look for 36 
in the first vertical column and 8 in the central topmost column. 
Proceed from 36 along a horizontal line towards the right and from 
8 vertically downwards. The two lines meet ata point where the 
number 5658 is.written. This is the mantissa of 368. Proceed 
further along the horizontal line and look vertically below, the figure 
6 in the differences column, You. will find the figure 7 there. Hence 
the mantissa of 3686 is 5658+7= ‘5665. 

7. The logarithm of 398:5 is 2°5665. 

Example 2. Find the logarithm of 368600. oi ak 

The characteristic of this number. is 5 and the mantissa is the 
same as in Example 1. 

7. Logarithm of 368600 is 5:5665. 

Example 3. Find the logarithm of 00368633. 


isti i is 3 as еге, зге two zeros 
The characteristic of this number í А Guy 4 


following the decimal point. We can find maD 
eR arts Hence we neglect the last 2 digits (33) and find the 
° mantissa of 3686 which is “5665. 


.'. Logarithm: of 0036833 is 3°5665. 
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| 


en the last figure ofa number consisting of more than 4 
Де, digits is equal to ог more than 5 the digit next to.it is 
raised by one and so on till we have only 4 significant digit and if 
the last digit is less than 5 it is neglected as in the last example. 


Imp. If we have the number 368658, the last digit is 8, there- 
fore, we shall raise the next digit to6 and since 6 is again more 


than 5, we shallraise the next digit to 7 and find the logarithm of 
3687. 


Antilogarithm. The number whose logarithm is x is called 
the antilogarithm of x, and is denoted by antilog x. 


Thus since log 2="3010, antilog :3010—2. 


Example 1. Find the number whose logarithm is 1:6078. 

(i) The characteristic=1. This is one less than the number 
of digits in the integral part of the required number, hence the 
number of digits in the integral part of the required number is 
1+1=2. 


(ii) Removing the integral part 1 from the given logarithm 
we get 6078. The first two digits from the left are 60, the third digit 
is 7 and the fourth is 8. 


(iii) In the table of the antilogarithms, look in the first verti- 
cal column for “60. In this horizontal row under the column headed 
by 7, we find the number 4046 at the intersecti 


on. 

(iv) In the continuation oft 
mean differences column on the 
number 7 at the intersection. Addi 


his horizontal row and under the 
right headed by 8, we find the 
ng 7 to 4046, we get 4053. 

(у) Antilog 176078—2--4053—2:4053. 


Example 2. Find the antilogarithm of 206078. 


As the characteristic is Z, there 


should be ight 
of decimal in the one zero on the rig 


number. Hence antilog 2:6078 = 04053. 


Laws of Logarithms. From the laws of indices we obtain the 
following laws of logarithms : 


1. loge mn—loga m+ loga n 
`2. loge m/n=loga m—log, п 
3. loga m”=n log, m 
Two Important Special Cases 


(0) log, 1—0 [The logarithm of 1 to any base is zero] as 
а%=1. 

(ii) log, a—1 [The logarithms of the base to itself is 1] as 
аї=а. 


Example 1. Volume of а cylinder of length 3°47 cm is 1:932 
"em. Determine its radius. 
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Volume (V)=nr?/ 


r= M = .1932 — 
nl 3142x347 
log r=} (log 1:932—1og 3:142—1og 3°47) 
—1(0:2860—0:4972—0:5403) 
——1x 15155 —:3758—1:6242 


[Note. The mantissa should always be in positive even though 
the logarithm comes out in negative.] 


Taking antilogarithm of 1:6242 
We get r—'4209 cm 
Basic S.I. Units 


І. Length—metre (m) 2. Mass—kilogram (kg) 3. Time— 
second (s) 4. Temperature—kelvin (K) 5. Amount of Substance— 
mole (mol) 6. Intensity of illumination—candela (cd) 7. Current— 


ampere (A). 


Derived Units 
1. Energy—joule (J) 2. Force—newton (№) 3. Area—square 
metre (т?) "n тезе 2022, е metre (m?) 5. Density—kg/m* 
6. Velocity— metre per second (m/s). 7. Acceleration—metre per sec 
рег sec (m/s?). 8. Frequency— hertz (Hz). 9 Resistance—ohm Di 
0. Pressure—newton per square metre: (N/m) 11. Potential . 
Jdifference— volt (V). 
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SECTION A 


Experiment 1: 
(a) To find the least count of a.vernier callipers. 


(b) To find the internal and external diameters and depth of а 
cylindrical body (say а calorimeter) with the help of a vernier 
callipers. ` 


(c) To calculate the internal volume of a cylindrical body (say 
a calorimeter) «nd confirm the same using a graduated. cylinder. 


Apparatus : 


Vernier callipers, calorimeter and a graduated cylinder. 


Fig. 1.1. Vernier callipers - 


Theory : У 

A very ingenious device for obtaining ey P EP 
Order than that obtainable by eye estimation was VERNIER. In 
Vernier-(1580—1637) and is known by his name i e VERNER. In 
this device a small auxiliary scale 1s provided, ‘Scale being either 
the ordinary scale, the divisions of this ар SP ihe ОТЧ 
a little longer or a little shorter than the divisio j 
scale. $ $ ; 

The great value of this device lies in its е а 
fact that it can be used to measure to A EL 
required, if the auxiliary scale is divided suitably. “ak 

The auxiliary scale is graduated. from а И 
be.called the zero of the Vernier, this ышып ШЕ Nri 
some distinguishing mark. The seus PONERET “divisions are exactly. 
о i Vernier zero. es ier division: 
ped an PT divisions. Consequently one Vernier division 


دا 


is equal to Î or ( i-i) of a scale division. Thus, each 


ТРН 1 
Vernier division is shorter than a scale division by EN of a ‘scale 


. division. This quantity Ł of a scale division is called the least 


count (or Vernier Constant) of the Vernier. 


An instrument called the Vernier Callipers is. used for 
measuring the linear dimensions of bodies. It consists of a metal 
rule furnished with two jaws, A and B (Fig. 1.1.) projecting at right 
angles to the rule. Of these A is fixed whilst the other B can slide 
backwards and forwards. The upper jaws C and D are used to 
measure the internal-dimensions of the hollow objects. On the rule 
is engraved a scale divided into millimetres The sliding jaw B is also 
provided with a short scale V called a Vernier. The sliding strip or rod 
R is used to measure the depths of ‘certain objects. It i$ connected 
to the Vernier scale and slides with vernier along the main scale. ` 


Now the volume of a cylinder 


d? 
=n t 1 ant 
where r— radius of the cylinder 
I—length or height of the cylinder 
and 4= diameter of the cylinder. 


Since a given calorimeter possesses a hollow cylindrical shape, 


HE will have two diameters external and internal and hence two 
radii. 


If Ve is the external volume 5f the calorimeter, then 
Receta v. у; 


2 
Ve= дп Mh 
where 1 d,=external diameter of the calorimeter 
and 4 I, = external length of the calorimeter. 


ARVs is the internal Volume of the calorimeter, d, is the inter- 
nal diameter of the calorimeter and ‘h’ is the depth of thé calori- 
meter, then 


* 


y;-—-—2 
Vi à ا‎ 


l 
Procedure : | 

(i) Determine the least count (or vernier constant) i.e.; the 
distance between the value of one main scale division and one 
vernier scale division of the vernier callipers as explained in the 
theory above. 


(ii) Find the zero error by bringing the jaws A and B of the 
vernier callipers closely in contact. “If there is no zero error this 
fact should be recorded. : 


The Zero Error: 


In some instruments when the movable jaw Bis brought in 
contact with the fixed jaw A, the zero of the vernier scale may not- 
coincide with the zero of the miain scale. In this case, the instru- 
ment is said to possess zero error which may be positive or negative 
according as the Zero of the vernier scale lies to the right or left to 
the zero of the main scale and a correction has to be applied to the 
observed reading in order to determine the correct value. 


.. То find the zero error, suppose the zero of the vernier scale 
lies to the right of the zero of the main scale, and nth vernier 
division coincides with any: main scale division. The error is 
obtained by multiplying n with the vernier constant and a positive 
sign is put before it'as the length measured by the instrumen! is 
more than the actua] length. | 


. „Jf the vernier zero lies to the left of the main scale zero, the 
‘coinciding vernier division. is to be seen from the other end of the 
vernier scale and its number multiplied by the vernier constant 
gives the required zero error with a negative sign placed before it 
as the length measured by the instrument is less than the actual 
length. 
braically subtracted from the 
d to know the zero 
te to that of the 
algebraically 


The zero erroris always alge 
observed reading. ‘Sometimes it is preferre ч 
correction of the instrument. It has а sign opposi 
Zero error but is equal in magnitude and is always 
added to the observed value to obtain a correct onc. 

(iii) To measure external diameter of the calorimeter, place 
it diameterwise between the two jaws ^ and B of the vernier callipers.. 
in such a way that it is just held between the jaws without undue | 
pressure, Note the main scale reading which is just before the zero 
of the vernier scale and also find the number of the vernier division 
which is in line with а main scale division. Multiply this , vernier 

nstant and add !t to the 


division by the least count or vernier co : 
Main scale reading to get. the observed external diameter of the 


: calorimeter. The corrected external diameter 1s calculated by 
applying zero correction. 

Repeat the observations 4f 
places in two perpendicular directions. 
diameter (d) is found. 

(iv) To measure internal 
useTof the upper jaws C and D 0 


Ioan three times at three different 
The mean corrected external 


diameter of the calorimeter, make 
f the vernier callipers. Insert the 
the position of the movable 


А г Н T djust 
SUED ТТ ea CERO D touch the inner walls of the 


out exerting undue pressure on them. Note 


calorimeter gently with 


4 


the reading of the vernier callipers in the same manner as explained 
im (ii) above and then find the corrected internal diameter after 
applying zero correction. 

Repeat the observations at least three times at three different 
places in wo perpendicular directions. The mean corrected internal 
diameter (d,) is found. 

(v) To measure depth of the calorimeter, the sliding strip R 
of the vernier callipers (Fig. 1.1) is used: 

Put the edge of the main scale of the vernier callipe : ^n the 
mouth of the calorimeter (the callipers being held vertically), in 
such a way that the strip R is able to go inside the calorimeter 
along its length. Move the sliding jaw so that the strip R touches 
the bottom of the calorimeter gently. 


Read the vernier callipers in the same manner as explained in 

(iii) above which gives the observed depth of the calorimeter. The 

correctéd depth is calculated by applying Zero correction. 

Repeat the observations at least three times and then find the 

mean corrected depth (A? of the calorimeter. 

(vi) Calculate the internal volume Vi by using the formula 

"A _ ndë 

V= 4 | Á 

(vii) Verify the interna! volume thus calculated with the help 

of a graduated cylinder i.e., fill the calorimeter upto the brim with 


water and. then. pour this water into the graduated glass cylinder 
and note the volume of water directly in cm?. 


Observations : 


h cma. 


Leas Count or Verrier Constant (V.C.) 
n N.D.—(»— i) M.S.D. 

N.D.— Vernier scale division 
M.S.D.— Main scale division 


where 
and 


гу.р.= “D usp. 
Difference [M.S.D.— V.D.] 


2, 1-0] 
n 


ntu sp m 
- n 
But 1 M.S.D.—x mm 
Vernier Constant (V.C.) 
= UR xx mm 
n 
x 


10n “™ 


For example : 
10 V.D.—9 M.S.D. 
9 
1 V.D.— io M.S.D. 


Difference [M.S.D.— V. D.] 
0) 


1 M.S.D.—1 mm 
Vernier Constant (V.C.) 
1 
= x1 mm 
=0`1 mm=01 cm] 


But 


Zero Error : 
) 12) 2. cm 


Mean Zero Error =: 
Mean Zero Correction— + ; 
` Externai Diameter of the Calorimeter : 


Mean=A=|......cm 


Internal Diameter of the Calorimeter : 


On edirection Mutually 


Perpendicular direction 


Mean 
S. No.l Main No. of | Observed | Main No. of | Observed |0bserved 
scale vernier | diameter | scale V.D. diameter |diameter 
reading division | in cm= | reading |coincident | in cm= in cm 
in cm coincident} (a)--n in cm (n) (a)+n 
(a) (n) xV.C. (a) x V.C. 
m " 
5 
33 
Mean BS boca cm 


Hence mean corrected 


internal diameter=d,=B+-(zero correction) 


Depth of the Calorimeter : 


Main scale No. of V.D Vernier scale (Observed de, 
intse . of V.D. Pth) Mean 
S. No. reading in cm coincident reading in cm in ст= (a) observed 
(a) (л) =пх.С.` +nxV,C. depth in 


lt ЕЕЕ cm 


a = =ЕсЕЕЕЕ ы 
ااا‎ 


Hence mean corrected 


depth of the calorimeter 


(h)=(Mean observed depth) (его correction} 


| 


-line with cach-other in a P 


Calculations : 
Internal Volume of the Calorimeter 


Verification by Graduated Cylinder : 
Volume of water filling the calorimeter upto the brim 


= „ст. 
.m? 
Result : 

(i): Least count of the vernier callipers 
(ii) External diameter of the calorimeter Е ст 
(iii) Internal diameter of the calorimeter =н. cm 
(iv) Depth of the given calorimeter re gin 
(v) Internal volume of the given calorimeter = cm? 
= ...m? 


Precautions : 
xd (i) The zero error should be noted carefully with si 
aken into account. 
(ii); The jaws should not be pressed too hard. ў 
h (iii) The dimension to be measured (length, diameter or depth) 
should be parallel to the main scale. 
p. (iv) The calorimeter should be held b 
he jaws which are in contact when the ca 
placing the calorimeter between them. 
. (y) The calorimeter between the jaws should not be held either 
too tight or too loose. i 
(vi) Oil the vernier if its motion is not smooth 
(vii) While measuring the depth, the strip should be реве 
cular to the bottom surface. 
(viii) While measuring the depth, 
should not get out of contact from the mouth of th 
when the end of the sliding rod R touches the bottom. 
(ix) Zero error for the measurement of depth is different. from- 
the usual.zero error of a vernier callipers: So it should be deter- 


mined separately and carefully as explained below: а. 
. [When the two jaws А and B are made to touch each other, 
ilie end of the sliding strip R and the edges of the main scale get in 
= erfect instrument. In a. defectis- 


ign and 


etween those positions of 
llipers is closed without 


he main scale 


the edge oft : 
e calorimeter | 


E 


instrument, the end of the strip R may not be exactly in line with 
the edge of the main scale when the instrument reads zero. In such | 
а case, it is said to possess zero error which is relevant only for depth | 
measurement. The reading when the end of the sliding strip R lies 


exactly in line with edge of the main scale, equals the magnitude of 
this zero error.] 


Sources of Error : 
l. Vernier jaws may not be 
or parallel to each other 
© 2. None of the vernier divisions ma 
3. The vernier scalc may be loose. 
4. The graduations on the scales m 
Exercises 


(1) To find (a) the diameter (b) the 
volume of a sphere using vernier callipers. 

Hint: Measure the diameter of the sphere at four different 
Places as in Expt. 1 and calculate its surface area and volume. 

Surface área of sphere 4zr? 
Volume of sphere == дг" 

(2) То determine the internal and external diameter of a calori- 
meter and to calculate the thickness af its wall. Also find the depth 
of the calorimeler with the help of vernier callipcrs. 

Hint : Measure the external diameter by using the jaws A and 
B and internal diameter by using the jaws C and Г. Difference of 
the two gives /wice the thickness of the calorimeter wall. 


_(3› To. determine tlie le: gih and diametei of a given cylinder by 
vernier callipers and hence calculate its volume. 
ORAL QUESTIONS 
Q. 1. What is a verni "t calli 7 Wiy is i 
сайра з cr callipers ? И, Hy ds it 
Ans. |tisan instrument us 
> i Sed to measure small lengths and 
diameters accurately. It is cz i i VUE 
Фіат у. alled vernier callipers a a 
its inventor “Pierre Vernier”. Toner Que паць: ог 
Q2 Whar is Least Count ? 


Ans. It is the least distance tha. ` 
i : t сап be measur 
instrument. | ed by the 


at right angles to the main scaie 


M 


y bc exactly coincident. 
ay not be evenly markea. 


surface area, and (c) th 


called a vernier 


Q. 3. Define vernier constant. 

Ans. It is the difference between the smallest division of main 
scale and that pf vernier scale. ў 

Q.4. What part of tne instrument is the 

Ans. The small scale th 
vernier scale. 


Q 5. What is the difference. between Ve 
Least Count ? 


vernier seale 2 
at slides along:the main scale js called 


rnicr Constant and 
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Ans. Practically no difference. Vernier constant is the Least 
count but is used only for vernier callipers whereas least count is 
used for all the instruments. = ; 

Q. 6. What is zero error? = 

Ans. The instrument is said to have zero error, if the zeto of 
the main scale. does not coincide with the zero of the vernier-scale 
when the two jaws of the vernier callipers are brought into contact. 

Q.7. When is the zero error positive ? When is the zero error 
negative ? Р 

Ans. If the zero of the vernier scale is towards the right of 
the main scale, the error is said to be positive (Fig. 1.2). If the zero 
of the vernier scale is towards the left to the main scale, the error 
is said to be negative (Fig. 1.3). 


B M.S. 4 
i ui , 


д i 
01234 5678610 


V.S. 


Fig. 1.2. Positive error 


M.S. 


5 
vs 
Fig. 1.3. Negative error M 

Q.8. What is zero correction ? 1 

Ans. It is equal. in magnitude but opposite in sign to zero 
error. 2 

О. 9. Why does zero error creep in? 

Ans. It creeps іп because of wear and tear due to the long 
use of the instrument. : 

Q.10. What is ‘angular vernicr ? 

Ans. Angular vernier is used to measure fractions of a degree- 
These are provided in spectrometers and sextants. 

Q. 11. Which will Бе more accurate—a са 
or that of large V.C.? я 


Шрег of small V С. 


Ans. A calliper of small V.C. . ; OG 
Q 12. What is the function ofthe upper Jans of the vernier 
' callipers ? 1 К 
^ Ans. To measure the internal dimensions of the hollow 
objects. г ; , 
М sliding strip or rod ? 


Ф. 13. What is the function of the 


Ans. To measure the depths of certain objects. 
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Experiment 2 : 


To find the volume of the given meial.ic rectangular block by: 
. Measuring its dimensions with a vernicr callipers and check up the 
result by using a graduated cylinder. 


Apparatus : 

Metallic block ; vernier callipers ; graduated cylinder. 
Procedure: . LIA : 

Measure the length, breadth and thickness ofa given metallic 
rectangular block using a vernier callipers as explained in Experi- 


ment I. Measure the length, breadth and thickness of, the block 
about 4 to 8 times in various positions of the block. 


Tabulate your result as shown below : 
Observations : à 
: Value of the smallest main scale division = 
Size of a vernier scale division 
‘Least count of the vernier 


] 
Or p= mm 
Vernier constant (V.C.) of the vernier) . 
Zero error of the vernier = a). (2) eese mm 


(3) 
Mean zero error 


Mean zero correction 
Length of the block : 


Main scale No. of 


Length of the block in mm | Mean corrected 
S.N. | reading in | vernier divi- d 


length of the 


mm (a) sion coinci- block (1) in mm 
dent (n) Observed= | Corrected 
(a)--nx V.C.| =Observed 
: + Mean 
Zero 


correction 


Breadth of the block : 


Main scale No. of |Breadth of the block in mm Mean corrected 
reading in | Vernier divi- breadth of the 
mm (a) sion coinci- block (b) in mm 

dent (n) 


S.N. 


Observed= | Corrected 
(a)+nx V.C.|. =Observed 
Mean ~ 

Zero 
correction 


Thickness of the block н 


! Thickness of the block Mean corrected 
iot thickness of the 


Main scale No. of. 
S.N. | reading in Vernier in mm ‹ 
тт (а) division block (t) in mm 
lcg] —.9— 
coincident 
т) Observed | Corrected 
(a)2-nx V.C. =Observed |: 
+ Mean 
Zero 


correction 
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Calculations : : 
Volume of the given metallic block 


= Меап corrected length x Mean corrected 
breadth x Mean corrected thickness 


T MW опа 
Verification by grzduz:ed cylinder : 
Volume of water in the graduated cyiinder 


before immersing the block in water in 
the cylinder 


SASL ---- cm? 
Volume of water in the graduated cylinder 
after immersing the block in water in the 
cylinder ВЕ cm? 
-. Volume of the given metallic block —B—A.. cm? 


Precautions ird Sources of Error - 
Same as in Expt. 1. * rat 
ORAL QUESTIONS 
Samc as in Fxpt. 1. 
Experiment 3 : 
(a) To find the least coun 
(Б) To measure the dia i 
gauge and compare it by wrapping the 


t of a screw gauge. 


: same wire around 
. 4 pencil and-explain the difference. 

‘cl To find the volume of the given wire by using screw 
` gauge.; 


‘di To find the gauge of the wire using standard tabic 
(с) To find the thickness of a о; 


а given plas; Strip using screw 
gauge. . 
Apparatus : 
+ А screw gauge ; а wire and a glass strip. 


CIRCULAR SCALE 


.turns very close to each other as 


Procedure : 
1 MO Determine the least count of the instrument. In order to 
Ed xi ae the zero mark of the circular scafe into coincidence 
à i е reference line. Note the reading on the main scale. Give 
some complete rotations say four or five to the circular scale and 
pd reading on the main scale again. Difference of the two 
readings gives the distance moved by the screw. Calculate the pitch 
by the relation. 
distance moved by the serew 

number of rotations - 
cale, then 


pitch= 


Note the total number of divisions oa the circular s 


least count — pitch, Е 
total number of divisions on the circular scale 


(i) Find the zero correction ie., screw up until the gap between 
A and B is just closed and tlie ratchet arrangement gives a click. 1f 
the zero division of the circular scale coincides with the reference 
line, write the zero error as nil ; otherwise reference line may be ‘х 
divisions towards positive side of circular scale, then j 
zero спок xXx LG. 
and . zero correction— —x X L-C- 


.. And if the reference line may be “x 
side of zero of the circular scale then — — 


zero error — —X X Le 


divisions towards negative 


and zero correction = +-xXL-C- 


. Gi: Diameter of ike Wire. In order t 
given wire, place И in the gap between A and B. 
head until the ratchet arrangement, gives 2 click. -Note down the 
reading on the main scale. Read the divisio! 
coinciding with the reference line Multiply it by the least count and 
add it to the number of complete divisions visible on the main scale, 
i e., the reading on the main scale- 

Turn the wire through a right angle and note the reading again 


at the same point. 
Repeat the observations at least five times. take the mean and 
correct the reading by applying zero correction. х 
" (iv) Remove the kinks inthe wire if per BT N ee ts 
turns is wire i as 
of this wire on apencil 50 P; pig 32. Measure the 


scale. 


length (г) of the coil with the help. of mm 3 
d as well. Then diameter 


Count the number of turns (л) WFaPP* 
Д 2 H 
of the given wire by wrapping— у, 


(v) Consult the standard table of (S.W.G ) for finding the 
gauge of the wire corresponding to its calculated diameter. 


(See Appendix Table) 


/ 


Fig. 3.2 


(vi) Measuremient of Thickness. Place the glass strip in the 
Sap between A and B. Turn the screw head until the ratchet 
arrangement gives a click: Note down the reading on the main 
scale. Read the division of the circular. scale coinciding with the 


reference line. Multiply it by the least count and add it to the main 
scale reading. $ c 


, Repeat it three times by placing the glass strip in different: 
positions. ; 


Observations and Calculations : | 


No. of rotations given to the screw— 


Distance moved on the main scale ....... mm: 


Pitch = distance moved onthe ale 
number of rotations 


Total number of divisions on the circular scale=......’ 
1 ' Pitch 
east count (L C.)- TIERE - 
Leas no. of divisions on the circular scale 


Zero error =+xXL.C. 


Zero correction =FxXL.C.=....... cm 


Diameter of the Wire : 


л 


Si One direction 
No. 
5 5 
dS Ч 
= | sas 
> 5 LS R/S 
STE S S9 —« 
a ما‎ E 2 
Д wid 
£u SS NIS 
SIS ос 
m? zo 


meter in mm 


Mutually perpendicular 
direction 


Mean obser- 
ved diameter 


Au) 


in mm 


а+тх L.C. 
(d) ` 
division coin- 
ciding (m) 
Observed dia- 


Main scale 
a+mx L.C. (do) 


reading (a) in 
mm 

No. of circular 

meter in mm: 


Means .. eornm 

DE ene eren 
Mean Corrected diameter =(d)=.. mm 
; = cm 


The gauge of the wire from a standard table... à 


Diameter of the wire by wrapping : 


Number of turns . елес 
Length of the coil =т= ст 
: i 1 
Diameter of the wire——7- =... om 
Volume of the wire : 
i x cm j 
-Mean corrected radius= r= CET A 
Length of the wire — f= OM 
3 

Volume of the wire  —V- nri on cx 
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"Thickness of the Glass Stzip : 


Main Scale No. of circular | Observed thickness 
S. No. reading (a) division coinciding —a--mx L.C. 
à in mm . (т) (тт) 


= 


ah 


Mean observed thickness “=: 
Mean corrected thickness “= .. 


Result : Д 
'i) Diameter of the wire by screw gauge=.........cn1 
Gi! Diameter of the wire by wrapping method=... 


(iii) Volume of the wire=....... cms 
(iv) Gauge of the wire—.. -cm 
(v) Thickness of the glass Strip-- ........cm 


Precautions : А 

|. Undue pressure should not be applied to bring the two 
Studs in contact. For this, the screw should always be turned by 
the ratchet cap. : "d 

2. The screw should move freely without any friction. 

3. The zero error, if any; should be noted with proper sign 


and taken into consideration. 


5. The screw should always be moved in the same direction 


to avoid back-lash error. 


5. Readings should be taken at different places along the 


length of the wire, taking two readings at right angles to each other 
at the same place. 


Sources of Error - 


The turns of the coil formed ofthe wir: 


í may not be in close 
contact with each other. 


Exercises 
Q.T. Find the thickness of a small coin. 


Q.2. Find the volume ofa rectangular glass plare using a 
vernier callipers and a screw gauge ? 


Hint. Volume— Length x Breadth x Thickness. 


ORAL QUESTIONS 


Q.1. What do you mcan by screw gauge ? 

Ans. It is an instrument used to-measure very short lengths 
accurately such as thickness of paper, diameter of wire, etc. 

Q.2. Why screw gauge is called Micrometer ? 

Ans Because її сап measure distance of the order of. one 
millionth part of a metre, i.e., 107° m ie., the least count of the 
screw is of the order of a micrometer. : 

Q.3. Why itis called a screw gauge ? 

Ans. Because it is based on the principle of a screw and 
measures, i.e., gauges diameter of the wire. 

Q.4. What is the principle of a screw gauge ; 

- Ans. Its principle is that linear motion is directly propor- 
tional to the rotation given to the head. 

Q.5. What do you mean by pitch of the screw? 

Ans. It is the linear distance moved when its head is given 
one complete rotation 

Q. 6. How is thé least count of the screw determined ? 

Ans. It is determined by dividing the pitch of the screw by 
number of divisions on the circular scale. > 

Q.7. Is pitch related with least count a 


Ans. Yes; 
L.C.— 


2 


Pitch 


MEDIO Lou TUER 
no. of divisions on the circular scale 


Q.8. Whar is zero-crror ? How do you find its ign ? 

Ans. When the screw is in contact with plane stud and me 
zero of the circular scale does not coincide with the zero of the 
main scale, the instrument is said to have Zero-error. 


i ite 
is i th the plane stud oppos! 
md: if the теге OE IS ОШ Below the reference 


to it and if the zero of the circular scale is 

‹ те те сі Я of the 
line, the error is said to be positive (Fig. 3:3); it the eed to be 
circular. scale is above thé reference line, the error ie 


negative (Fig. 3.4). 
10 0 


0 
=a 
Fig. 3.4. Negative error 


omg: What is zero-correction ? How is it related with zero- 


error ? А У! 
Ams. Zero-correction is numerically equal to. zero-error wit 


Opposite sign. 


Fig. 3.3. Positive error 
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Q.10. Whatis back-lash error ? How is it avoided ? 

Ans. This error is associated with all instruments working 
onscrew nut principle. The error is developed due to wear and 
tear of the screw with use. Due to looseness between the Screw and 
the nut, thc screw does not move backward or forward for a little 
motion of the nut (or cap) in the opposite direction. Such an error 
js called back-lash error. 

-]t can be avoided by turning the screw in one and the same 
direction while taking all observations. 

Q.11. . What is the adyantage of taking iwo observations 
mutually perpendicular. to each other at each point while measuring 
the diameter of wire ? 1 

Ans. To take into account any deviation in the cross-section 
of the wire from its perfectly circular shape. 

Q.12. Which is more accurate a vernier callipers or a screw 
gauge and why ? 

Ans. Screw gauge. 

With the help of vernier callipers we can measure accurately 
up to 0'1 mm while with a screw gauge we сап measure lengths 
with greater accuracy upto Toth of a mm, 


Q, 13. Are the values of diameter of à wire obtained by screw 


gauge and by wrapping method the same ? 

Ans. No ; they'are different. 

Q.14. Which method gives more accurate value and why ? 

Ans. Screw gauge method. The accuracy of measurement 
by an instrument depends upon the least count of the instrument. 
Since the least count of screw gauge is zêsth that of a metre scale 
used in wrapping method, so the value of the diameter obtained by 
Screw gaupe is far more accurate: 


Experiment 4 : 
To determine the inertial mess of a body. 
Apparatus : 


A G-clamp stand, two hacksaw blades or two steel Strips ; set 
of known masses (2- weight box) ; a given body ; a platform; a stop 
watch and plasticine. : 3 


Theory: 


Mass is a basic property of matter and is a measure of the 


quantity of matter in the body. The S.I. unit of mass is the 
kilogram (kg). 


e" ECCE first law of motion leads us to the concept of inertia, 
шы Ра E everybody. Newton 5 second law of motion proceeds 
ee €r and provides us with a quantitative measure of inertia 

imely Mass. Mass as defined by Newton’s second law relates the 


HACKSAW BLADE 
OR 
STEEL STRIP 


G-CLAMP 


PLATFORM 


STEEL STRIP 
T OR 
TABLE HACKSAW BLADE 


Fig. 4.1. Inertia Balance. 


010 


оа 10 020 0 10 040 050 0.60 0.70 0.80 
(M) MASS IN KILOGRAMS 2 


Fig. 4 3. 
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E 

net force applied to an object to the resulting acceleration. If F is 
Е E: 

the net force applied on a body and а is the acceleration produced 

in it, then, according to Newton's second law of motion, the mass 

of the body is given by 


The greater thé mass of an object, the greater its resistance to 
a change in motion—the greater its inertia and in terms of the 
second law of motion, we see that the greater the mass of an object 
for a given applied. force, the smaller the change in motion—the 
smaller its acceleration. Mass, then is a measure of inertia and is 
related to the quantity of matter in a body. We call such a mass as 
inertial mass. All bodies are made up of atoms. The inertial 
Mass of a body is the sum of all the atoms put together in that 
body. Inertial mass is. given by the ratio of the resultant force 
applied upon a body to the acceleration produced in it along a 
smooth horizontal surface. 

> 


If the same external force F acting on two bodies produces 
> > 


in them acceleration a, and a, then 
> = г» 
F=m, ai—nm as 
where m, and m; refer to the inertial mass of the bodies. 


where T, and T, are their respective vibration times. 


If one of the bodies is taken as a standard, the abo 
can be used to find the inertial mass of the other body. 


$ The mass of.a body should not be confused with weight which 
is the gravitational force of attraction on the body at a certain place 
and it differs from place to place. : The process of measurement of 
mass is called weighing. Although the weight of a body differs 


from place to place, the mass of a body remains constant irrespec- 
tive of place and time. : 


Procedure : 


1. Fix the two h 
Fig. 4.1. The ‘hacksa 


ve equation 


acksaw blades or two ste 


a el strips as shown in 
w` blades (or similar m p 


etal strips) should be 
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clamped tightly between the small metal plates using aG-clamp П 
is very important to have the blades held tightly and symmet: cally 
just where the blades emerge from the jaws as otherwise energy is lost 
100 fast and the oscillatiors are badly damped. The whole set up is 
clamped 0 the edge of the tcble as shown- in. Fig. 4.1. At. the free 
ends ог e blades attach a small platform or a pan made of card 
pone r wood. It is to be used for holding the body or.a known 


AE. Push the platform or the pan to one side with a finger and 
Fig. 4 2 somnat the platform starts oscillating in a horizontal plane 
eae л A ince the blades yibrate horizontally the action of the 
call М; ies is entirely independent of gravity, which acts verti- 
SER 1 ake sure that the blade oscillates for about 10 oscillations 
t almost the same amplitude. This is necessary for a satisfactorv 
experiment. 


X Note : The period of vibration can be increased by reducing 
the length of the blades protruding from the jaws. ' 


3. Load the platform with a known mass of say 10 g. Note 
that the mass of the body loaded on the platform is assumed to be 
inertial mass. Make the platform to oscillate with a suitable 
amplitude so that the mass placed on the platform dues not slide when 
it oscillates: For ensuring this. it is better to initially put a thin 
layer of plasticine on the platform The mass placed on it will 
stick and will not slide. 

n for 10 oscillations by using a stop- 


Find out the time (7) take ti 
e oscillation, called the time 


watch and calculate the period of on 
period (T). 


4. Repeat the activity for at least five known masses by 


loading the platform with each of these in turn. 
5. Plota graph between the total mass (т) of the platform 


` and the object placed on it and its vibration time (T). Fig. 4.3 


shows a graphical plot of one such set of observations. The graph 
But by careful analysis of the 


in Fig. 4.3 is not a straight line. d 
data, the rclationship can bz expressed by the following equation : 


nh Ty 
ШЕР ДЕР 
iwo masses (including the mass of the 
are their respective 


in which m, and my, are i 
platform or pan in each case) àn 
vibration times. 


6. Place the body of млл 
the platform oscillate horizontally 
period 1^. For this valuc of T’, fin 
versus T graph as shown in Fig. 4.3. 


d T, and Т. 


own mass (M) on the platform. Let 
as before. Measure the time . 
d out the total mass т' from m 


Recon 


a 
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Observations and Calculations : 
Mass of the platform or the pan-—M, 


Known mass Total 

- No.| placed on the | mass (m) | for 10 oscillations t 
Platform or the =(M, +M; in sec Dao 
pan M, in g in g 


Time taken (2) Time. period 


in sec 


For the unknown inertial mass : 


Time (r^) taken for 10 oscillations 
in sec 


D 


t 
Time. period T' = E 


in sec 


From т versus T graph, the total ma 


object and the platform аз read against Tft er the unknown 
T’=Intercept of the graph on the abscissac 
Foden e ohio E 
Inertial mass (M) of the body 
= m'—Myj) 
LP g 
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Result 
Inertial mass of a given body 


Precautions : 


.l. The position of the blades of the inertial balance should 
remain horizontal when the platform at its free ends, is loaded with 
known masses. To ensure this, fix the blades tightly а! the clamped 
end otherwise there will be energy losses and the oscillations are 
badly damped. i 


mass 2 Oscillate the blade with a suitable amplitude, so that the 
е placed on the platform does not slide when it oscillates. For 
meta: this, it is better to initially put a thin layer of plasticine 
dias е platform. The mass placed on it will stick and will not 


3. Place each body at the centre of the platform so that it- 


does not have a tendency to twist the blade. 


4. Attach the platform, at the free ends of the two hacksaw 
: ity of the body placed 


blades/strips in such a way that centre-of grav! 
оп it is as close to the horizontal plane bisecting the blades, as 
Possible. 

5. The number of times the inertial balance vibrates in.à 
second of time depends uon the Jength and stiffness of the two 
supporting metal blades and upon the total mass of the pan and 
any objects placed on it. The more massive the pan and its con- 
tents, the slower will be the changes in their motion and the longer 
will be the time they will take to go through a complete vibration. 


ORAL QUESTIONS 
(Same as in Expt. 5) 


Q.1. What is inertia? 
nertness i.e., built in reluctance 
ition of rest of of 


: Ans. (Ву inertia we mean the i x е 
of matter and hence its ability to change 1's ea 
uniform motion in a aright line without the application of an 
external force. : 
а 
Q.2. How is inertia related to the mass of a Ч inerti A 
: nertia. 

Ans. The mass of a body is а measure О кен : 
large cubes retires а lari force: to produc Bates E 
because the greater the mass of the body the gri f uni- 
to oppose.any change in its state of rest (inertia of rest) or OF v 
form motion (inertia of motion). 

Q 3. Whai is incriial mass d 


Ans. Mass (771: as defined by Newton's second law of motion 
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> З 
relates the net force (Е) applied to 
> 
ration (a). 


an object to the resulting accele- 


F 
m= — 
a 


The greater the mass of ano 
a change in . motion—the greater 


р паз: Е 
as inertial mass. Tt is given by E 


bject, the greater its resistance to 
its inertia. We call such a mass 


Q.4. What is gravitational mass then ? 
Ans. The mass of a body which deter 
pull due to the earth acting upon it is cal 
Q.5. 15 there any difference 
the gravitational mass of a body ? 
Ans. Experiments have failed to 
Experiments show 1 
Experiment 5: 


_ To find the density of a substance of the given rectangular block 
using а beam balance. 


Apparatus : 

Rectangular iron/wooden block; vernier callipers ; Physical 
balance and a weight box. : 
Diagram : 


mines the gravitational 
led its gravitational mass. 
between the inertial mass and 


show any difference. 
that these two masses are equal for a given body. 
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Theory : 


If we take several solid blocks of wood or iron, we find that 
the larger a block is, the larger is its mass. If, however, the mass of 
each block.is divided by its volume, the result in each case is the 
same which is characteristic of the substance of which the blocks 
are made. This result is called density. 


Mass of the body 


Density of a substance (р;= "Volume f HEBS 


ЕМЕ 
۷ 


The S.T. unit or density is kg m™. 
Procedure : 


1. Measure the length, breadth and thickness of the given 
rectangular block by using the vernier callipers as explained in 
Experiment 2 and hence calculate its volume. 


,,, 2: Check the setting of the pliysical balance carefully i.e., its 
pillar is vertical and when raised, its pointer swings equally on both 
Sides of zero mark and swings without jerks. ` 


3. Keep the rectangular block in the left-hand pan when the 
beam is in the arrested position. Counter poise, careful.y by loading; 
unloading in steps the right-hand pan with known masses from the 
weight box. Use forceps for handling the known masses. 


4. Calculate the density of the rectangular block using the 
formula 


p= mass of the ‘rectangular block 


" ‚ its volume 
Observations : 

Value of the smallest main scale division «777 mm 

Size of a Vernier scale division X incen Зи mm 
Vernier constant (V C.) of the vernier 2: шр! 

Zero error of the vernier 

EOD E mmn mm (3) mm 

Mean zero еггог=......... mm 


Mean zero correction — + ------ mm 


Length of the block : 


Main Scale | Мо. of Length of the block Mean corrected 
S.No.| Reading Vernier in mm length (1) of the 
in mm Scale block in mm 
(a) coincident Corrected 
(n) Observed= | =Observed 
(a)+nxV.C.| -- Mean 
: Zero 


correction 


Breadth of the block : 


Main Scale | No. of Breadth of the block Mean corrected 
. S.No. | Reading Vernier in mm breadth (b) of the 
in mm Scale block in mm 
(a) coincident 


(л) 


Observed — 
(а)+пх V.C. 


Corrected 
—Observed 
+ Mean 
Zero 
correction 


Thickness of the block : 


Main Scale | Мо. of 
S.No.| Readnig Vernier 


Mean corrected 
thickness (t) of 


Thickness of the block 
in тт 


in mm division the block in mm 
(a) coincident 
(п) Observed= | Corrected 


= Observed 

-E Mean 
Zero 

correction 


(а)+пх V.C. 


Mass of the rectangular block by 


Physical balance LMceeeeE 
| у meeeeekg 
Calculations : 
Volume (V) of the rectangular block 

=[xb Xt 

| сак mm? 
cant cm? 

| MET m? 


Density of the substance of the given 
mass of the block 
rectangular block = ?— volume of the block 


Result : 


Density of the substance of the given 
Д rectangular block=-- 
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Precautions ard Sources of error : 


l. As regards vernier callipers, the precautions and sources 
of error to be observed are the same as given in Experiment 1. 


2. Make sure that the scale Pans of the physical balance are 


clean, dry and dust free as the mass of the dust may be more than its 
sensitivity. : $ 


3. Adjust the screws at the base of the physical balance until 
the plumb line hangs vertically over the fixed pointed tip. 


4. Use a forcép to handle the weights. Never leave weights 
lying about. 


5. While weighing always lower the case of the balance box 
to prevent disturbance due to air draughts. 


„ 6. Every balance has a certain capacity i.e., maximum mass 
Which can be placed on the pans and measured with precision. Do 


not over load it Find its capacity for. measuring ` mass from its 
manufacturer's specifications. 


ORAL QUESTIONS 
‘Also read Questions of Expt. 1). 
Q.1 Define mass of a body. What is its unit gr 


Ans. The mass of a body is defined as the Quantity of matter 
contained in it. According to Newton's First Law of Motion, the 
Mass ofa body may also be defined as the quantity of inertia 


Possessed by the body which makes it to resist any change in its ` 


state of rest'or motion 
The unit of mass is kilogram in SI system. 
Q. 2. Define density of a body. 


. Ans. The density of a substance is defined as the mass per 
unit volume of that substance. This can be written as 


Mass 


: Volume 
О. 3. What is the unit of density ? 


Ans. The unit of 
metre от kg 3, 


Q. 4. Define r: lative density of a substance ? 


Ans. Relative density of a substance is defined as the ratio of 
density of the substance to the density of water. P 


Q. 5. What is the unit of Relative density ? 
Ans. The relative density isa number and hence it has no 


Density — 


density in SI system is kilogram per cubic 


unit 


Q.6 What happens to the weight of a body when immersed in 
water ? з : 
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Ans. Whena body is immersed in water, an upward thrust 
acts upon it’ Due to this upward thrust, there is a loss in the weight 
of the body. This loss in weight of the body is equal to the weight of 
the water displaced. 

9.7. How does density vary with temperature ? 

Ans. It decreases with the increase of temperature. 


Q 8 What is the density in SI units of (i) Water, (ii) Mercury 
and (iii) Ice ? 
Ans, (i) 1000 kg/m? at 4°C 
(ii) 13600 kg/m? 
(iii) 930 kgm : 
Q. 9. Is relative density different from specific gravity p 
Ans. No. They are the same terms. : 
Q. 10. Is the relative density of a body different in different 
systems ? 
Ans. No. It is the same in all systems. 1 
Ф. 11. What is the apparent weight of a block of wood floating 
on water ? 
Ans. Zero. 3 
Ф. 12. Will rhe buoyancy be the same for a wooden block and 
an iron block of the same size pushed under the surface of water ? 
Ans. Yes; the same. > 


Ф. 13. Why can’t we extinguish burning kerosene oil by pour- 


ing water on it ? 
Ans. Kerosene oil is lighter than water. Men. LE 
Poured over it,.it sinks and, therefore, cannot preven 2 


(responsible for burning) from coming in contact with the oil. ui 
Q.14. 4A person carries a bucket of water weighing EE 


his right hand and a fish wcighing 20 kg in the other. s 
fish in the bucker. How much does his right hand now carry if the 
relative density of the fish is 1? : i 

z ; j 20 kg as 

Ans. His right hand would carry the same „weight : 
before. The addition of the fish will not add anything to E 
because the weight in water will be zero, its specific g 
one. : 

Q.15. А piece of ісе is floating on 067 
it melts compl. tely, will the level of water 80 up, go do 
the same ? з 

Ans. П will remain the same. E e 

Q.16. What isa Physical Balance ? What ae EL ROM n 

Ans. Itis a lever of first order having ADU E 
weight arm equal. It is based on the principle ; 


water in a beaker When 
1 or remain 
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О. 17. Why are knife edges made of agate ? E 


Ans. Agateisa very hard substance and does not wear out 
easily, hence it is used. 


О. 18. What is the function of Plumb Line ? 
Ans. To make the beam rotate in a vertical plane. 


Q.19. Why are there only three levelling screws in the 
- balance ? 


Ans. Because any three points can determine a plane, so the 
balance can be set with its beam horizontal. 

Q.20. What are the requisites of a good balance ? 

Ans. A good balance should be true, sensitive and stable. 

Q.21. What is the difference between mass and weight ? 


Ans. Mass of a body is the quantity of matter contained in 
a body and weight is the pull exerted by the Earth on the body. 


Q.22. What does the Physical balance measure, weight or ' 


mass and why? Name the instrument for measuring weight. 


Ans. We measure mass of a body with a Physical Balance as 
the acceleration due to gravity on both the pans, being equal, will 
"cancel out and the readings will be independent of ‘g’. 


Weight is obtained by spring balance. 

Q.23. What do you understand by тһе sensitiveness ofa 
balance and how is it increuscd ? : 

Ans. A balance is said to be sensitive when its beam is 
turned through an appreciable angle for a small difference of weights 
in the two pans. The conditions of sensitivencss are: 

(i) the arms of the pans must be large. 

(ii) the beam must be light. 2 


(ii) the distance between the С.С. of the beam and its 
fulcrum, i.e., the central knife edzc must be small. 


O.24. How stability is opposed to sensitiveness ? 


Ans. A balance is said to be stable if after a small displace- . 


ment it comes back to its original position as quickly as possible. 
The necessary conditions for stability are : 
(i) the arms of the beam must be small 
(ii) the beam must be heavy. 
tji) the distance between the С.С of the beam and its fulcrum 
must be large 
Thus sensitive balance cannot be stable and vice versg 
Q.25. What is the principle ofa spring balance? 
Ans. The extension produced in the spring is directly pro- 


portional to the applied force provided the force applied is not too 
large to stretch the spring beyond elastic limits (Hooke's law). 
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When the spiral spring is subjected to a tension along the axis 
of a spiral in a spring balance, the movement of the index along the 
scale (indicating the elongation of the spring) being accurately pro- 
portional to the applied force. 

Q. 26. Соп а spring balance measure mass ? 

Ans. Though primarily used to measure the weight of a 
body, it can also: measure mass accurately but only at the place of 
graduation. : 

Q.27. Define sensitiveness of a spring balance. 

Aus. It is the change in length of the spring of a balance for 
a unit change in the weight hung. 

Q. 28. How can you increase the sensitiveness of a spring 
balance ? я 

Ans. By making the spring of the balance long (as the change 
in length will be large when the original length of the spring is 
large). е 
Ф. 29. Will a spring balance calibrated in India measure the 
weight of a body accurately in France ? 

Ans, Yes ; it will measure weight accurately. 

Q. 30. What is Archimede's principle ? To what use it has 
been put? s 

Ans. Archimede's Principle: When a body is wholly or 
partially immersed in a fluid at rest, it experiences ап upward thrust 
which is equal to the weight of the fluid displaced by it. 

It is used to determine the relative densities © 
fluids. 


Experiment 6 


To find the least count of the given stop-clock 
checking the time period of oscillations of varying 
pendulum. 

Apparatus : 


Laboratory stand; split cork; fine cotton thread; a pend 
watch; card board; pencil : protractor. 


f solids and 


/ watch and use it for 
amplitude of a simple 


ulum bob; stop- 


Theory : 
Same as in Expt. 16. 


[For angles less than 15°, the error in 
is only about 1 percent. Therefore for реп 
amplitude of the motion does not exceed 15° 
good approximation to S.H.M.] 


troduced by assuming that sin 0-0 
dulum vibrations in which the 
, pendulum motion is a very 
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Diagram : 
THREAD 
CORK PIECE 


2. Mark a large protractor on the card board in units of 10°. Its centre 
may be at mid-point of the longer side. Right bisector of longer side is 
marked 0°, and angles upto 90° are marked on its left and right sides. Fix 


pendulum at rest. 


3. Oscillate the pendulum with a small amplitude (A), say about + th of 
10°, in a plane parallel to the card board. Examine the Stop watch/clock 
and find its least count. Also determine its zero error if any. Measure time 
taken by, say 20 oscillations. Start the watch when the pendulum crosses 
the vertical line, while moving, say, towards left.. Start counting from zero 
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in order to reduce chances of an error in counting. Stop the watch at the 
count 20, when the pendulum again crosses the vertical line moving 
towards left. Repeat measurement at least thrice and take their mean. 
Compute the time for one oscillation i.e., the time-period (0). 


4. In a similar manner, measure time-period for oscillations with 
amplitude of 5°, 7-5°, 10°, 12-5°, 15°. à 


5. Plot a graph between t and A? taking independent variable А? along 
X-axis and t along Y-axis. à 


_ Because change in t may be quite small, the scale for t should not start 
from t = 0. It should start with a value close to the value of t for small 
amplitude and its scale should be highly enlarged. Due to enlarged scale 
for t, the points plotted may not lie on the graph and one or two may be 
rather widely away from it. Draw a-straight line as close to all points as 
possible. : 


Observations and Calculations : 


Least count of stop-watch/clock-. 
Zero error of stop-watch/clock —. 


S. No. Amplitude Corrected time for 20 |. 
(A) Oscillations in s 


1 2 3 Mean 
(T) 


us ; hjel fo eee s 
i t t of stop-watch/clock ==. | 
| Е Pra ae t and А? is a straight lipe This 
ss tte, pe of e е 
а, hthe amplitude goes on varying. ШО i 
period of a simple pendulum is independent of amplitude. 
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Precautions and Sources of Error 
Same as in Expt.16. 


Y 
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SECTION B 
Experiment 7 : 
To study the rate of flow of water filled in.a burette (or a vertical 
cylindrical container) connected to a capillary and to find its half-life. 


Or 
To find the time required to empty a burette full of water to tof its 
volume; ч. of its volume; і of its volume and so on and to draw a graph 
between 


( volume of water emptied (V) and time (t). 


(ii) volume of water left and time and to study if at every stage the rate 
of flow is the same. 


(iii) log V and t. What is the difference between these graphs ? 
Explain. 


Apparatus : 


Burette; funnel; clamp stand; graduated jar or breaker; ors 
capillary tube (20-30 cm long); rubber tube and clin 


Theory : 


The ~te flow of liquid is proportional to the hydrostatic pressure of 
water. 


or Va P where P = hydrostatic pressure 


and ЧУ = Rate of flow i.e., the volume of the liquid that 


comes out in one second. 
Since, volume (V) = Ah 


Where А = area of cross-section and h is height of water column. 
and P=hpg 

where p= density of the liquid 

and g= acceleration due to gravity. 


aa E 


where Ад = Р = decay constant. ог dh ec — Adi 
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Integrating the above equation we get, 


h t 
| аһ=__), | di 
h” o 


. or logic —À or which is an exponential relation. 


It is the decay constant A which decides the quickness with which the 

> of flow reduces because in the exponential fall, the rate of flow. 
ecrease:much faster in the beginning but it reduces considerably as the 
ime elapses. 


Decay constant is the reciprocal of the time during which the volume of 
ater in the burette becomes + of its original volume. Decay constant 
lepends upon the opening of the bore of the stopper. For wider bore À is 
arger and vice versa. For larger values of X the decrease in the rate of 
ow is faster and vice versa. 


‘ocedure : 


l. Clamp the burette exactly 
ertical and: attach a horizontal 
apillary tube to the bottom of the 
urette by means of rubber tubing 
as shown in Fig. (7.1). Slip the clip 
(or pinch cock) over the rubber 


tubing. 


2. Measure the height (h,) of the 
zero mark from the lower end of 
the jet. This can be done by 
measuring the vertical height below 
the lowest graduated mark on the 
burette. i 


LILI 
Varr 


3. Fill the burette upto the zero 
mark by using a funnel. 

4. Divide the height (h) in 2, 4, 
6, 8, 16 or 32 parts and note the 
time water takes to empty upto the 
level keeping the same flow. 


(Apart from these observations 
some more observations should be RUBBER 


recorded corresponding to greater TUBE PINCH- Sees 
heights so as to obtain large COCK 


number of points for the graph). Fig. 71 
h between level of water in the burette (A) and time (£) and 

T Coni p a and t which come out to be exponential curves. 
6. Plot a graph between log h and t and also between log (h;—A) and t 


ulate A using the relation 
and calci Xm. jog ho—logh 
f 


ПД] 
nm 


» (fm 


CAPILLARY TUBE 
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ho Decay curve h = hoe™! 
F 
21 
E = SCALE :- 
E = X-AXIS 1 BIG SQUARE = «e 
zl Y-AXIS 1 BIG SQUARE 
oo 
Š o 
5ш 
Gel pat aT ee 
>з 


o TIME IN SECONDS (t) —3- х 


Fig. 72. H Д Й " 
7. Observe the slope at various points in Fig. 7.2. It will be 
found that the slope is different at different places. In fact it will be 


seen that а. [h is constant. 


Observations and Calculations : 
Least count of the stop watch=------Sec 
Distance from the lowest mark of the 
jet= сі 


burette to the tip of the 


No. of | Level of Time in 
obs. | water in the | seconds at 
burette (h) | level h (t) 
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< 
< 


1090 h > 
` (ho-h) 


n t (sec) + x t (sec) > x 


Fig. 73. Fig. 7:4. (graph between volume 
emptied and time) 


From the graph 


Half life 
in sec. 


26 tt dh h= UA 
dt dt 


Result : 


(i) The graphs between A and t and between (ho—h) i.e., 
volume emptied and t are exponential curves i.e. exponen- 
tial decreasing curve and exponential increasing curve 


respectively. 
(ii) The rate of flow at every stage is different i.e., 
dh 
g9es on decreasing exponentially but x is found to be constant. 
Га 
ТОНЕ ср; c 
| Zo А = BAT Ost 
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Precautions : 
. The burette should be of uniform bore throughout. 
. The burette must be kept vertical with clamp stand. 
. The capillary glass tube must be kept horizontal. 
. Read the lower meniscus of water with a set square. 
. Water should not remain sticking to the walls of the burette 
when the reading is taken. 
6. Measure the height of the water level accurately from the 
lower end of the jet. : 
7. Record zero error of the stop watch. ( 
8. The position of the stopper should in no case be disturbed 
while the draining of water is going on. 


Sources of Error 


(i) The graduations of the burette may not be accurate. 
Gi) There is always an error in reading the position of water 
level and the stop watch simultaneously. — 
(ii) There is always a time lag between starting of the stop- 
watch and opening of the stopper. 


ORAL QUESTIONS 


Q. 1. What is the analogy to this experiment? 
. Ans. Radio-active decay exhibited by Radio.active Substance 
and discharging of a capacitor through а resistor. 
Q. 2. What is Radio-active disintegration (or decay л 


А i thorium, polonium, 
Ans. Heavy elements like uranium, cut a, B an d y-radi- 


radium etc., spontaneously disintegrate giving out end 
ations. In this way new atoms are formed. Sa ate Rahs 
called Radio-active decay or disintegration. It is 2 


zard or random process. 9 
Q. 3. How do you measure activity of a шш REL 
Ans. By the number of atoms'disintegratinB Pe". ‘SF 
Q. 4. What are Laws of Radio-active Disintegratio ? 
Ans. Laws of radio-active disint mae constantly break- 
____ (i) Atoms of every radio-active Bedard emission of a, B and 
ing into fresh radio-active products With 
Y-rays. ctors 
(ii) The rate of breaking is not A DV ERE e depende 
(temperature, pressure, chemical ош ofatoms breaking pet 
entirely on the law of change i.e., the Dr number present. 
second at any instant is proportional to t з 


mM. 5. Define half-life period? 


Ans. The half-life period of a г 
time in which half of the radio-active SU 


AWN – 


i i се is the 
dio-active substan 
bstance will disintegrate. 
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`Q. 6. What is an activity and how is it expressed? 

Ans. The rate of decay of a source i.e., the number of dis- 
integrations per second is called its activity. It is often expressed in 
curies. - 

Q. 7. Define curie. 

Ans. Onecurie is the activity of a source which on average 
undergoes 3 70 x 101° disintegrations/sec. 

Q.8. What is the first direct evidence that the phenomenon of 
radio activity gives ? 

Ans. That all atoms are almost certainly made from the same 
building bricks. 

Q. 9. Define rate of flow of a liquid. 

Ans. Itis the volume of a liquid that flows across a certain 
area of cross-section of the tube in one second: 

Q.10. Why is the curve between volume emptied and time 
+x onential ? - 

Ans. Because БВА is an exponential relation. 

O.11. How is the pressure at the nozzle of the burette or jet 

^ the capillary tube related with the height of water column. 

ins, Pressure at the nozzle=P-+Apg where P is the atmos- 
pressure ; h is the height of water column and p is the density 
ater, ‘g’ is the acceleration due to gravity. As h decreases, 

"re also decreases with time. 

3.12. How are the rate of emptying and the rate of flow of 
wai:r related ? 

Ans, Both are equal. 

Q. 13. Is the rate of flow constant at every instant ? 

Ans. It decreases exponentially with time. 

Q. 14. How will you get the rate of flow of water at any stage 
of flow ? 

7 d(ho—h) 
Ans. Itis obtained by getting the slope Co ofthe graph 


between (I —h) and t at that instant. 
Q 15. What is the nature of graph between loglho—h) and 


time t З 

Ans. It is a straight line. 

Q. 16. Why should a capillary tube of suitable bore and bent at 
90° be attached to the nozzle of the burrette ? 

Ans. The flow of water through the capillary becomes slower. 
It is because the internal diameter of the capillary is smaller than 
that of the nozzle of the burrette. 

Q. 17. How does the decay constant remain the same for 
different sets of observations Why ? 
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Ans. By opening the stopper full in every observation. It is 
because the rate of flow remains smaller due to much small bore of 
the capillary tube. 

Experiment 8. 

To draw the s-t graph and v-t graph of the motion of hand as one 

walks using ticker-timer. 


Apparatus : 
Ticker timer, paper tape, G-clamp, plug key. 
Diagram : 


A C SUPPLY 


LOOSE 
TICKER ROLL OF TAPE 


help of an electromagnet at a known frequency. 
stepdown A.C. supply, its frequency 1s the same as that of the A.C. 


mains i.e., 50 hertz. : CER 
Another design is based on the electric m the zong Pens 
- replaced by a mechanism of carbon disc OP MAL ре $ 
frequency depends on mechanical properties о 1 
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Marks (or dots) are obtained on the tape at equal intervals of 
time—each dot marks a complete vibration of the strip. The time 
interval between two dots on the tape can be taken as the unit of time 
for some of the experiments, which you may call a “tick”. 


Note : 


The vibrator makes marks at equal fimes apart—and. not 
necessarily at equal distances along the tape. 


Uniform motion in a straight line is one in which a body covers 
equal distances in equal intervals of time, however small these inter- 
vals may be. A body not acted upon by any external force or acted 
upon by balanced forces executes uniform motion in a straight.line. 


Uniformly accelerated motion in a straight line is that in which 
acceleration is along the direction of motion and velocity changes 
by equal amounts in equal intervals of time, however small these 
intervals may be. A body acted upon by a constant force in the 
direction of its motion has uniformly accelerated motion. 


Fig. 8.2 


Procedure : 


l. Set up the ticker-timer at the edge of the table with a G- 
clamp. Connect it to its electric power unit through a plug key. 
(Fig. 8.1). - 

2. The timer starts buzzing when the current is switched on, 
Grasp the free end of the paper tape in your hand and walk several 
Steps (2 or 3 metres), with this hand on the hip and finally stop. 
You will get a series of dots on the “paper tape as shown in Fig. 8.2. 
The dots will have occurred at regular time intervals, but they will 
start close together, then Бе farther apart. Finally, the distance 
apart of dots will be very small. 


3. The time interval between two consecutive dots on the 
paper tape will represent a unit of time, a. “tick”. What is the 
distance covered during any five ticks ? Is it constant ? By inspect- 
ing the tape you can find (i) where the velocity was highest and 
where it was lowest, (ii) where the velocity was increasing and Where 
it was decreasing ? 


4. Choose a distinct dot on the tape close to starting point as 
the origin (0) and mark every 10th mark conspicuous by another 
mark (P, Q, R......... )onit. Measure distance, s, of these marks 
from the origin and plot a s—t graph. 
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5. Also find the average velocity during the intervals OP, PQ, 
ОК,......... Thesc average velocities may be taken as the instanta- 
neous velocities at the middle of the corresponding time interval. 
Suppose, for example, distance PQ on tbe tape is 20 cm. There are 
9 dots marked on the tape by the timer between P and Q, i.e., time 
interval of 10 ticks had elapsed. Then average velocity between P 
and О is 23=2'0 cm per tick. Itis roughly the actual velocity at 
an instant 5 ticks after the dot P was marked, i.e., the instantaneous 
velocity at that time. In this manner compute data of instantaneous 
velocity versus time. 


6. Now plot av—f graph. From this graph you can find 
when the velocity was uniform. Also you can find from this graph, 
ee ae (time intervals) during which the acceleration was highest 
and lowest. 


Observations and Calculations : 


For s—t graph 


S. No. Time interval in “ticks” Distance 
А (0) s (in cm) 
1. ОР= 
2. PQ— 
3. QR— 
4. к5= 
af 
6. р 
Jh; 


For V—t graph 


* S. No. Time interyal in “ticks” Instantaneous velocity (v) 
(0) in “ст per tick” 


ees ل‎ 


l. 


Result/Remarks : 
(i) From s—t graph : 
Gi) From v—t graph : 
Precautions : 1 


; l. The tape should remain taut during the experiment even 
if you happen to swing your hand slightly, If you swing your 
hand too widely it is likely that for a short duration, resultant 
motion of your hand is backwards. The tape will get loose during 
backward motion and will, therefore, not move. If this happens, 
reject this tape, and record a second walk. 


2. The time interval between two dots on the tape can be 
taken as а unit of time which you may call a “tick”. Where the 
measured time must be converted into the standard unit, second, the 
time period of the vibrating steel strip of the timer must be 
measured. 


ORAL QUESTIONS 


Q.1. Define motion of a body? 

Ans. The continuous change of position of a body with Tes- 
pect to another is called motion. 

Q.2. Is there anything like absolute motion ? 

Ans. No; all motion is relative. 
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Q.3. What is displacement of a body ? 

Ans. A change of position of a body from one point to 
another is called its displacement. It is described in terms of two 
quantities, a distance and a direction. The displacement of a body 
will change if there is any change in either its magnitude or direction 
or both. ; 

О. 4. Define uniform motion of a body. Ayi 

Ans. An object that moves through equal distances in equal 
intervals of time, however small these intervals may be, is said to be 
in uniform motion. 


Q.5. What is non-uniform motion ? 


$ Ans. Whena body moves over unequal distances In equal 
intervals of time, it possesses non-uniform motion. 


Q. 6. Distinguish between speed and velocity. 
_ Ans. Speed is the ratio of the distance travelled by any 
Object, irrespective of its direction, to the time it takes to travel that 
distance. 


The velocity of a moving body is the rate of change of position 
of the body ina particular direction. In other words, the velocity 
of amoving body may also be defined as its speed in a particular 
direction, 

Both are measured in ms^?. 

Q.7. What is uniform velocity ? 

4 Ans. Ifa body not only traverses 
intervals of time, however small these ini 
continues to move in the same direction, 
form velocity. . 

Q.8. Define instantaneous velocity of 4 body. dia cria] value 

Ans. The instantaneous velocity of à booy i at any instant 
of the velocity of the body at any point of its pa or 
of time. 

Q.9. Define acceleration of a body- $ 

Ans. It is the rate of change of velocity of a Бо ня 
tion is the ratio of the change in velocity to the time 
change occurs. Its SI unit is ms-?. m irecily as 

Q.10. If the distance travelled by a boy E ores T 
the time, what conclusion do you draw about 115 


ing on it is zero. 
í d the force acting оп tt 
Ans. The speed is constant an “ing distances in direct pro- 


Ф. 11. You observe an object cove What conclusion might you 
potion to the square of time elapsed. decreasing, zero or 
draw about its acceleration? Is it 1n 
constant ? 3 t. IfS is the 

А d 8 ase is constant. 

Ans. The acceleration in this a then Socr? 


i covered and t, the time elapsed 
aisance or S=kt? where kis a constant 


s equal distances in equal 
REUS may be, but alsó 
it is said to possess uni- 


creasing, 
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We also know that 5= 341° where a is a uniform acceleration. 
j k—3a 
i.e., a is constant. : 
Q. 12. When does a body possess uniformly acceleration motion ? 
. Ans. A body is said to move with uniformly accelerated 
motion if its velocity increases gradually i.e., increases by equal 
amounts in equal intervals of time, however small these intervals 
may be e.g., a body falling freely undet the action of gravity ; a 
steel ball rolling down an inclined plane etc. 


Q. 13: What was Galileo's best known contribution to the 
science of kinematics ? 

. Ans. Galileo’s best known contribution to the science of 
kinematics was his discovery that the free fall acceleration is exactly 
the same for any object. Given an absence ofair resistance, each 
object will fall to earth with exactly the same acceleration i.e., 9'8 
ms-*, 

Q. 14. State Newton's first law of motion or law of inertia. 
,Ans. According to Newton's first law of motion, every body 
continues to be in its state of rest or of uniform motion in a straight 


line unless and until jt is compelled by some external force to change 
Its state of rest or of uniform motion. 


Q. 15. State Newton's second law of motion. 


Ans. According to Newton's second law of motion, the rate 
of change of momentum produced in a body is directly proportional 
to the impressed force and takes place in the direction of the force 
applied. 


Q. 16. What do these laws give us ? 

Aüs. Newton'sfirst law of motion gives us the definition of 
force whereas Newton's second law of motion gives the measure- 
ment of force i.e., F=ma where Е is the force applied on a mass m 
and a is the acceleration produced in it. 

Q.17. Define force and give its SI unit. f 

Ans. Force is that agency which produces or tends to produce, 
destroys or tends to destroy motion in a body. 


It is measured by the product of mass and acceleration. Its SI 
unit is newton (N). 

Q.18. How is one newton related to dyne ? 

Ans. 1 newton-:10* dynes. 

Q.19. Define energy. Give its SI and c р.з. units. 


Ans. It is the capacity ofa body to do work. SI unit of 
energy is joule (J) and c.g.s. unit of energy is erg. 
Q.20. How joule and erg are related to each other ? 


Ans. | joule— 10? ergs. 


.its exact equivalent amount reappears in on 
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Q.21. Name the two kinds of energy. 

Ans. Energy is of two kinds : 

(i) Potential energy (P.E.) 

(ii) Kinetic energy К.Е.) 

Q.22. Define Р.Е. and mention its SÍ unit. x 

Ans. Potential energy is the energy possessed by a body due 
to its position or configuration. P.E. of a body=mgh where m is the 
mass of the body, g is acceleration due to gravity and h is the 
height of the body from its zero level or mean position. 

Its SI unit is joule (J). 


Q.23. Define K.E. of a body and mention its SI unit. ; 
Ans, Kinetic energy of а body is the energy possessed by it 

due to its motion. ; 
K.E.=}my? where m is the mass of a body and v is its velocity: 
Its S.I. unit is joule (J). i 


Q. 24. State law of conservation of energy- 

Ans. According to law of conservation of energy ' 

(a) cnergy can neither be created nor destroyed ; 

(b) the total amount of energy in this universe is constant ; 


and (cj When i ergy in one form is expended, 
а certain amount of energy 10 On more of the other 


forms. 


Q.25. What is the ultimate form of energ) in all ihe inter- 


changes in the form of energy ? 

Ans. Sooner or later, it assumes the form o 
due course becomes. distributed throughout Space. 
comes unavailable, but is still there, though scattered 

Q. 26. Enumerate two examples of Jaw NO (GONE 
energy. 4 

Ans. (1) A body falling freely under gravity: 

(2) A vibrating pendulum. 


Ф. 27. What is dissipation of energy ? 
Ans. Theenergy which disappears as Де Арыган. ү 
used again for any useful purpose is said to have been с1зї 
Q.28. What is transformation of energy ? tom oder. 
Ans. It is the change of energy from ee from a certain 
For example when a body falls freely Hed oe ground. 
height, its P.E. changes into K.E. when it hits | 


f heat, which in 
It probably be- 


vation of 


Experiment 9 : 


To study the changes in velocity 
force and measure its acceleration. 


of a body pulled by a constant 
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Apparatus : 


Ticker-timer, paper tape, a horizontal laboratory table, a 
trolley, a bumper, 3 cm thick strip of wood, three G-clamps, pulley 
fixed on the bumper, hanger, slotted weights (100 g each or 50 g 
each), few bricks, plug key and a spring balance. 


TROLLEY BUMPER 


STRING 


HANGER 


Fig. 9.1. 
Theory ; Same as in Expt. 8. 
Procedure : 


l. Fixaticker-timer at one end of a laboratory table and a 
bumper at the other end with G-clamps. Place the trolley between 
them. Let it move from timer to the bumper, with the help of a 
thread passing over a frictionless pulley, at the other end of which 
15 attached a hanger. The run way is compensated for friction in the 
usual way. Care must be taken that there is no drag by the ticker- 
tape comparable with the pulling load. In fact, the friction com- ` 
Pensated should be arranged with the ticker tape in use. 


2. Put slotted weights in the hanger. As it moves, the 
trolley pulls a length of tape through the ticker-timer. The mass of 
the pulley load must be only a very small fraction of the mass of 
the trolley. 


3. Keep the trolley initially at rest near the timer, with - 
hanger in its highest position. After switching on the timer, release 
the trolley. If the trolley. runs very fast keep one or two bricks 
over it. The trolley gains speed till the hanger reaches the ground 
and thereafter it is stopped by the bumper. Make a mark on the 
tapeatthe point which was under the vibrator of the timer, when 
hanger touches the ground. Marks made by the timer upto this 
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point only are useful as the force ceases to act after the hanger with 
weights touches the ground. After the falling weight hits the ground, 
the trolley moves with a. constant velocity only. 


4. Choose a distinct mark on the tape close to starting point 
as the origin. Divide the entire motion in about 10 equal intervals 
of time. This can be done by counting equal number of dots, say 
10, on the tape and marking the end-dot of each interval promi- 
nently. 


5. Find the average velocity during each time interval 
у= = which is quite close. to the instantaneous velocity at the 
middle of each time interval. 
More details in this regard may be seen in Experiment 8. 


6. Plot a velocity versus time graph of the motion, taking а . 


“tick” of the timer as the unit of time. Draw a smooth curve 
which best fits the points marked on the graph paper- 


Find the slope at 5 or 6 different points along the entire 
curve. Find the average acceleration and estimate roughly the 
variation in it. 


Observations and Calculations : 


. Constant force applied=mg=..-.--N 
Instantaneous velocity 
Time interval in CAMCN 
S. No. “ticks” (t) Distance s in cm ve in “em 
` per tick” 
TER e - = 
L f 7 
С 
2% H ( 
! 2 
3. 
| 
$ | б 
5: | 
6. 
i: 
8. 
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Slope of the Curve or Acceleration of the Body : 


(i) Slope or acceleration = A —.....cm/tick? 
(ii) Slope BB =......cm/tick? j 
(iii) Slope= E =- cm/tick? 
(iv) Slope o = dien cm/tick? 
(б) Slope= EB =......cm/tick? 
Average acceleration=......cm/tick?. ` 
Y 


Velocity (V) x» - 


SEBA SECEDE TX 


time (t) <> 
Fig. 9.2. 


Result : 


(i) The velocity versus time graph of the motion of a body 
pulled by a constant force is a straight line. The slopes of v—r 
graph at various points are not different. 


(ii) The average acceleration. of the body when pulled by a 
Constant force— ...... cm/tick?.. 
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Precautions and Sources of Error : 


1. Table must be clean, smooth and plane. The runway 
must be compensated for friction. 


.2. .In case trolley has to be made heavier by. placing bricks, 
crumbly bricks may be wrapped in paper to prevent their grit from 
falling on the table and thus Obstructing the smooth motion of the 
trolley. 

3. Ifthe slopes of v—t graph at various points are different 
i.e., if the graph is not quite a straight line, the following is most 
likely the reason for variation in the acceleration of the trolley 
(i) air resistance, (ii) different friction at different spots, (iii) an 
uneven top table, and (iv) a constant force may produce different 


accelerations at different instants of time. 
ORAL QUESTIONS 
(Same as in Expt. 8 and Expt. 10). 


Experiment 10: 


(a) To locate the position of no Yriction for the junction of 
three threads when it is ‘in equilibrium under the action of three 
forces in the parallelogram law of vectors apparatus. 


(b) To find the weight of the given body using the parallelogram 
law of vectors. i я 


C 
Q(= M29) 
R(= Msg) 


(Body) 


Fig. 19.1 
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Apparatus: * 


Gravesands' apparatus ; hangers ; slotted. weights ; thread, 
half metre rod, plane mirror strip ; a spring balance, set squares and 
protractor ; a wooden block with a hook (unknown weight). 


"Theory : 


If a number of forces act on a body simultaneously, it is 
possible to find. a single force, which would replace them, i.e., 
which would produce the same effect as is produced by all the . 
given forces. This force is called the resultant force. If we a ply 
tothe body a force equal and opposite to the resultant, the body 
would be in equilibrium ; for the resultant and this applied force 


would balance each.other. This applied force is, therefore, called 
the equilibrant force. 1 


Since force is a vector quantity the resultant of two or more 
forces cannot be determined by applying the arithmetical laws, but 
y the method of compounding vectors. Thus, when we have 
only two forces acting on a body at a certain angle, we might 


compound them by the law of parallelogram of forces which may 
be stated as follows :- 


` Law of Parallelogram of Forces 


„If two forces, acting simultaneously on a. particle be represen- 
ted in direction 


and magnitude by the two adjacent sides of a 
parallelogram, ‘their resultant is represented in direction as well as 
magnitude by the diagonal of the parallelogram which . passes 
through their point of intersection. : 

Let AB and AD represent [o 
two forces F, and F, in magni . D 
tude and direction, inclined to 
each other at an angle Ө and 
Impressed simultaneously on a 
Particle. Complete the paralle- 
logram ABCD and the diagonal 


Tepresents the resultant 
force В. 


R=V FFF; 2AF, cos б Fig. 10.2 
Ifabe the angle ‘that the resultant makes with the force Е, 
еп 
tan ges -Fisin s. 
: F,+F, cos 0 
Procedure : Я 
1. Place the 


r Gravesand’s apparatus on a table. Make it 
vertical by a plumb line. See that the pulleys are frictionless so 
as to rotate freely about their axis. If not, oil them. ` 
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_ 2. Fixasheet of paper on the board by means of drawing 
pins. ` 


3. Pass a thread over the two pulleys with hangers at its 


ends and then knot another thread in its middle and attach the. 


given wooden block (unknown weight) to its lower end. Add 
slotted weights to: the hangers till the knot A -(Fig. 10. 1) lies 
approximately at the centre of the sheet and none of the hangers 
and the given body touches the vertical board. When the weights 
are 'steady it would mean that the point A is in equilibrium 
under the action of three forces represented by the weights. In 
the case of perfect equilibrium, а’ slight disturbance of the point 
A should bring it back to the original position but generally the 
position of A may vary over a small area on account.of friction at 
the pulleys, etc. 


. 4. To mark the direction of the forces, place a plane mirror 
strip lengthwise under each thread in turn and mark two points 


one on either end by placing your eye in such a position that the - 


image of the thread in the strip is covered by the thread itself. 


. 5. Remove the hangers along with weights one by one and 
weigh them?with a spring balance carefully and note the weights. 
Find the zero error of the spring balance before weighing. 


ce it on the table. Join the 
duce them to meet at their 
f no friction for the 


. 6. Unclamp the board and pla 
Points marked under each string and pro 
common junction A which is the position o 
Junction of three threads. 


o indicate the direction of 


forces. Alsoi produce EA (Fig. 10.1) and if the experiment is 
correctly performed, EA produced should pass through D: 

8' Measure AD and calculate the force which it represents. 
It should be equal to its equilibrant in magnitude, ^.^; tHE un uon 
Weight (R) of the given body. X 


. , х ] тнт 
; 9. Repeat the experiment twice more by changing weigh 
in the hangers and find the mean value of the unknown weight R. 

10. Verify the result by weighing the body with a spring 
balance. 
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Observations and Calculations : 


Zero error of spring balance—-......gm wt. 
Scale : 1 cm=n (say) gm 
No. of Force Diagonal | Resultant Force Unknown 
obs. К АР (ст) represented weight of the 
'| by the diagonal given body 
AD R=S=ADxn 
P Q (Sing (g) 
n —4ADxn 
1. 
De 
3. ү : | 
| | | 
Mean value of unknown Weight=......... g 
Result : 
(a! The common junction A is the position of no friction. 
(b) The unknown weight of the given 
body by experiment=-........- g 
The unknown weight of the given body 
m 2 by spring balance = 
96 error—-- 
Precautions : 


(i) The puileys should be frictionless so as to rotate freely 
8bout their axes. 

(ii) The apparatus should be vertical. 

(iii) The weights should hang freely and not touch the board. 

(iv) The direction of the forces should be marked with the 
help of a mirror strip placed lengthwise using a sharp pencil. 

(v) The weights should be as large as possible to be so 
adjusted that the meeting point of the forces is near the middle of 
the paper. 

(vi) Weights along "with their hungers should be weighed 
with a spring balance, taking into account its zero error if any. ` 

(vii) The scale should be so selected, as to get a fairly large: 
parállelogram. 
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Sources of Error : 5 


1. Weights may not be accurate. 

2. Pulleys are not perfectly smooth. 

3. Lines drawn may not be very sharp and finc and slight 
inaccuracy in making the directions. 


ORAL QUESTIONS 


.Q.1. Define: Force. 7 

Aus. Itis that agency which produces or tends to produce ; 
destroys or tends to destroy the state of rest or of uniform motion 
in a body. 

Q, 2. What is its unit in the SI system and define it ? 

Ans. newton. е 

One newton is that much force which produces 
1 kg an acceleration of | m s7?. 

Q.3. How kilogram weight is related to newton ? 

Ans. | kg weight—9'81 newtons 

Q. 4. Define weight of a body. What is its unit ? 

Ans. Weight is the pull exerted by the cwn on meto 
and is equal to mass acceleration due to gravity. It 15 obtamet 
by a spring balance. 4 3 

It Has the same units as force, ïe., newton eng E 
Q.5. What do you mean by resultant force and component © 


forces ? Е а the 
Ans. Resultant force. is that single force Шир. береп 

same effect on a body as is produced by alaren D e: 

dent forces. The various forces are called its comp: Н 


" 
Q.«. What are scalar quantities ? How are ge d да 
Я Ans, Those quantities which have mass: length, time, 
direction áre called. scalar quantities, 6.8 , 
Speed, work, power, energy, etc. 
They are added up algebraically. 
Q. 7. What are vector quantities entities 
Ans. Vector quantities are those qoo. 
Meee as well as direction, e.g, Force усу 
omentum, etc. omposition of 
They po added up according to the Таза rangle Law of 
vectors, i.e., by Parallelogram Law (979 
vectors or Polygon Law of vectors: ` о 
sition of vectors * 


Q.8. What do you mean by TE ‘two or more than two 


Ans. It is a process of compoum 
vectors into a single vector, i.e., resultant Meere 


ina mass of - 


7 How are they added up? 
which have 
Displacement, 
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Q 9. State Parallelogram Law of forces. 
Ans. Parallelogram Law of forces: 


If two forces act on a particle simultaneously and they can 

. be represented by the two adjacent sides of a parallelogram, their 

resultant is represented in magnitude and direction by the diagonal 

of the parallelogram passing through the point where the two sides 
meet. 1 


О. 10. State Triangle Law of forces. ғ 
Ans. Triangle Law of forces : 


If two forces act on а particle simultaneously and they can 
be represented in magnitude and direction by the two sides of a 
triangle taken in order, their resultant is represented in magnitude 
ай direction by the third side of the triangle taken in the opposite 
order. , 


Q.11. State Polygon Law of forces. 


Ans. Polygon Law of forces : 

If a number of forces act on a particle simultaneously and 
they can be represented in magnitude and direction by the sides of 
a polygon taken in order, their resultant is completely represented 
1n magnitude and direction by the closing side of the polygon taken 
in the opposite order. 

Q.12. What is resolution of forces ? 

Ans. It is a process of resolving a resultant force into its: 
component forces. b 

Q. 13. what are rectangular components of a force ? 

Ans. If the components of a force are at right angles to each 
other, then they are called rectangular components. 


Q. 14. Distinguish between rest and equilibrium. 


Ans. Rest means motion and equilibrium means no 
acceleration. If a body does not changes its position with respect 
to its surroundings then it is said to be at rest and if a number of 
forces acting on a body simultaneously do not change its state of 
Test or of uniform motion then the body is said to be in a state of 
equilibrium. { 

1 Q 15. How did you find the unknown weight of a given 
body ? 

Ans. By applying Parallelogram Law of forces. 


Ф. 16. Is it a good method ? 

Ans. No ; owing to the friction at the pulleys, it does not 
Bive accurate result. ^ D 

[For further questions on friction read questions in Expt. 15] 
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SECTION C 


Experiment 11: 


To find the downward force along the inclined plane acting:on a` 
trolley/roller on account of gravitational pull of earth and siudy its 
relationship with the angle of inclination of the inclined plane. 


Apparatus : 


Inclined plane with glass top with a pulley, 
strong thread, roller or trolley, half metre scale, 
balance. 


pan, weight box, 
spirit level, spring 


Theory : 


An inclined plane or a plane board hinged at its lower end, 
and supplied with some means of adjusting its inclination at several 
different values. At the upper edge of the inclined plane is usua/ly 
fixed a pulley, over which a cord passes. То the end of the cord on 
the plane the load W is attached, while from the hanging end of the . 
cord, weights from the weight box can be suspended to exert the 
force P on the cord (Fig. 11.1). In order to eliminate friction bet- 
ween the load W and the plane, W is usually a small roller, supported 
on an axle carried by a suitable framework, to which framework the 
cord is attached. In some forms of the apparatus the pulley and 
hanging weight are replaced by a spring balance which automatically 
adjusts itself to exert the required force -P at any inclination, and P 


‚сап be read off directly. 


GRADUATED QUADRANT 
P ` AR 


0 
PLUMB 
LINE 
Zi 
/ П 
C4 ) 
~ 
b 
P : 74g 
Fig. 11. 1. 
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The angle 9 can be measured by means of a protractor placed 

"with its edge along the horizontal base and its centre at the centre ef 

the hinge but it is better to have a graduated Quadrant fitted near 

the top of the plane (Fig. 12.1), with a plumb line hanging from its 

centre. Ifthe zero-line of the Quadrant stands out at right angles 

to the plane, the angle 9 is read off as the angle between the plumb 

- line and this zero line. This method is preferable to the first, as it 

is necessary to level the base by means of a spirit level if the first 

method is used, and other errors easily creep in when measuring the 
angle 0. А : 


Ifa load W is resting on an inclined, plane, it may be main- 
tained іп equilibrium on 
the plane, or pulled with- 
Out acceleration up the 
plane, by a force P acting 
parallel to the surface of 
the plane. The force P is 
much smaller than the 

. Weight of the body W, 
the value of Р diminish- 
ing as the inclination of: 
the plane diminishes. 


Pulley 


; Consider the forces : 
acting on a body of Fig. 11.2. 
weight W, which is just - 
maintained in equilibrium on a plane inclined to the horizontal, at 
‚ an angle 0, Буга force Р acting along the plane. We have first its 
weight W acting vertically downwards, secondly the force P acting 
along the plane, and in addition to these there is a force exerted by 
the plane called the reaction R of the plane. This force acts per- 
КЕСУ to the surface of the plane, if the plane be smooth 
ig: 11.2). , 


These three forces together keep the body at rest ; their direc- 
tions are all known, and hence if the magnitude of one of them is 
known, the other two can be determined by applying the principle 
of the triangle of forces. . : 


Let the line AB denote the weight W. Draw AC perpendi- 
cular to the plane, and parallel to the reaction R, and BC parallel 
to the plane, and parallel to P. f : 


They intersect at C;hence AC and BC represent R and P 
respectively. 
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The angle CAB is equal to the angle 0 ; since AC is perpendi- 
cular to the plane and AB is perpendicular to the base. Thus 


BC : 
"AB un 8 


But BC and AB represent P and W, 


P ; 
: therefore, —~-=sin Û 


W 


P=W sin Ө 


A somewhat simpler proof is obtained if, we consider the 
energy gained by the weight when pulled up the plane, and work 
done by P in pulling it up the plane. 

The work done by a force is measured by the product of the 
magnitude of the force and the effective displacement, or the distance 
moved by the point of application in the direction of the forte. 
Suppose the force P pulls the body through a distance 1, те 
along the inclined plane, and in so doing raises it through a vertical 
distance h, which we may call the height of the plane. 


à AA 
The height of the top of the plane above tbe bottom is h, 
hence the weight gains an Vus of potential energy— Wh, when 
raised to the top. 

The force P acts through a distance / 
pulling the weight up the plane, if lis the 
the work done by the force is P}. 

By the principle of conservation of energy, 

Energy gained = work done 


in its own direction when 
length of the plane; hence 


or ` Output— Input 
sothat | WA-—PI 
wil 
ei Ec a 


Now Mechanical advantage of thé Inclined Plane (M.A.) 


W _ Weight lifted. 
= P = Power applied 


and velocity ratio (V.R.)— + 
distance through which power is applied 
F h which weight is lifted 


distance throug! 
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-. Efficiency of the Inclined plane— M'A: x10% 


V.R. 
б 5 _ Output ү) 
Also, : Efficiency — Input х100% 
Since Wh-—PI 
1 P 


<. Weight (W)=P. Ta 
Thus knowing P and sin 6, the unknown weight (W) can be 

calculated. i 4 

Procedure : 


l. First of all see that the pulley of the inclined plane and the 
roller rotate freely about their axis and if not, ojl them. 


2. Check up that the board with glass top is horizontal when 


it RENT with base board i.e., when 0—0. If not, adjust it hori- 
zontal. - 


3. Suspend the Spring balance in a clamp stand. Find the 
magnitude of each scale division and also find the zero error of the 


ОПЕ balance. Find the weight of the scale pan and that of the 
roller. 


4. Pass a String over the pulley. Attach the roller lying on 
the plane to its one end and pan to the other end. Make sure that 


the thread does not touch any part of the horizontal board or 
the table. 


5. Go on adding weights into the pan till the roller just begins 
to move upward on tapping the plane. Note the weights placed in 
the pan (P). Go on decreasing the weights placed in the pan now 
till the roller just begins to move downward on tapping the plane. 
Note again the weights placed in the pan (р,). Take the mean of 


Pi and p, ie, (ate ) and add itto the weight of the scale pan 


2 
to get the force applied (P) ór the effort applied. ` 


. 6- Apply different forces P over thé pulley, using differen 
inclinations of the plane. Note corresponding values of P-and 9, 
taking five or six different inclinations. 


7. Plota graph between sin 0 and P and also between P and 
0 and compare the two graphs. 


Observations and Calculations : 
Zero error in the spring balance ......... g 
Corrected weight of the Scale pan— p— ......... g 
Corrected weight of the roller ==......:..р 
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Weights placed in the Component of 
pan ‘when roller gravitational force |. 
is moving (Р)=р Inclination 5 
S. No. А Pit Ps 0 sin Ө 
d xw) 
up down in gm 
(р) in g (pa) ing 
МЕ Se ых 6 
1. 
2 е 
85 
4. 
5: 
6. 


If the Quadrant for measuring 0 is not 
measure л and / directly, taking the 
time and measuring its height above 
the plane from the centre of the hinge. 
would then be arranged as follows : 


fitted to the apparatus, 
same point on the plane each 
the base and its distance along 
The table of observations 


Weights placed in the | Component of | 
scale pan when roller gravitational УМ 
S. is moving force P— > h s h 0 
No. nth) incm| in | _ hA 
up down +( 2 em m 
(ру) in g (рз) in g ing 
1. 
2 » D 
3. 
4. 
5: 
6. 
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Result: 

(i) The downward force along the inclined plane acting on 
the roller/trolley on account of the gravitational pull of the earth 

EU соса 
: pera 585 N 
(ii) The graph between P and sin 0 is a........: 
The graph between P and Û is......... 

Precautions : . 


. ."G) The pulley and the roller/trolley should. be free from 
friction. 


(ii) The thread "between the roller and the pulley should be 
parallel to the plane. 


Gii) The surface of the roller/trolley and that of the inclined 
plane should be clean, dry, plane and smooth. 


Sources of Error : i 
1. The weights in the weight box may not be standard. 
2. The pulley and the roller/trolley may not be frictionless. 


3. The surface of the inclined plane may not be equally plane 
everywhere, 


ORAL QUESTIONS 
(Same as in Expt. 8 and Expt. 16)). 
Experiment 12. 


. To study how the acceleration of a body depends on the force 
acting on it and the mass of the body. 
Apparatus : 4 1 
Ticker tape timer, loose roll of tape, carbon disc, 4 trolleys, 


raised runway ora horizontal laboratory table, metre-rule, elastic 
Cords with eyelets, a.c. supply. 


Theory Я ; 
Newton’s’ Second Law of Motion can be stated as “the rate of 
لا‎ : Ill 
о> Е QO—»r 
[ 3 2 4 
П 
| 
[ 
1 
(ө) 


Fig. 121. А mass being uniformly accelerated, . 


‘force Е, the acceleration a is inverse 
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change of momentum of an object is equal to the unbalanced force 
applied to it causing the change in momentum to take place in the 
direction of the force". : 


Consider a mass m moving with an initial velocity и. . It is. 
accelerated toa velocity v in a time t by the application of a cons- 
tant unbalanced force F throughout the t seconds (Fig. 12 A). 

Change in momentum 

Ap=-+mv—(+mu) 
Ap=mv— ти 
Rate of change of momentum 


Ap ` mv—mu 
LE t 
m(v—u) 


Unbalanced force F— т 


| Е=та 


Where a—acceleration which by défnition is the rate of change of 


velocity. 


The Force Е has units of kg ms-? which are nowy as ney о 


(N) 


j form F=ma it 
From Newton's Second Law expressed in the form & 
can be seen that, for a fixed mass m, the acceleration a is. directly 
proportional to the applied unbalanced force F 


axF 


that for a given unbalanced 


The equation F= ma also states ly proportional to the mass 


m i.e., 


Or a 
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Procedure : ы 
[A] To test the relationship a сЕ : : 


| 

1. Set up the apparatus shown in Fig. 12. 2" but without the. Ё | 
elastic cord attached. ! | 
| 

| 


The first requirement is to compensate for the frictional force 
between the trolley and the runway or the horizontal laboratory 
table." This is done by raising one end of the runway or horizontal 
laboratory table until a trolley, with a tape attached, shows uniform 
velocity. (i.e., the dots on the ticker tape are equally spaced) when it 
is given a gentle push down the inclined runway or horizontal 
laboratory table. E 

2. Now attach one elastic cord to the single pillar on the 
trolley and stretch it until it is level with the double pillars. A. force | 
F is required to stretch the .cord, and this force F will remain cons- 
tant provided the length of the stretched cord is kept constant while 
you pull the trolley down the runway or horizontal laboratory table. | 
Thread part of a 3m length of ticker tape under the carbon disc 
and then stick it on one end of the trolley. | 


Diagram: - 


TICKER TAPE 


TIMER 
OOSE . | 
OLL ОЕ ТАРЕ 


é 
ELASTIC CORD: 
WITH EYELETS 


METRE RULE 


TROLLEY 
0 


Fig. 12.2. 
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Start the timer and stretch the cord while still holding the 
trolley. After you release the trolley you must move alongside the 
runway holding:the stretched cord so that its length Temains ans 
tant. You may have to practise this because the cord will try to " rten 
when the trolley is first released and you must apply just the right force 
10 prevent this happening. ; 5 


i ding 

. „3. After a successful run, detatch the tape and, disregarding 

the first series of dots, cut it up into strips which fach epe en 
10 vibrations or 0:2 s (10x 002 s). · These strips can ^ o, 
Sheet of graph paper to give a chart like that in Fig. 12. . 


distance/m —» 


— 


distance/m 


Oe a magum 


Е i intervals/0.2s 
time interval/0.2s —» ЧАН}. 


(а) (6) 


i iction-compensated 
Fig. 12.3. Tape charts for (a) uniform motion on the friction-compe 
runway and (6) accelerated motion. 


acceleration a/ms' ? —J3» 


4 
force F/multiples of FN چ‎ 


Fig. 12.4. A graph of acceleration against the force 
applied to the trolley. 
d Fig. 12.3 (a) shows the chart obtained when the trolley runs 
Own the runway at uniform velocity i.e., covering equal distaaces 
1n equal time intervals on a friction-compensated runway. 
5. Using the chart in Fig. 12.3 (b) the average acceleration.a 
can be calculated from 


_ (v=u) 


'. The average final velocity v for the sixth length of tape is 
calculated from — 


"s 

Likewise, the original velocity is calculated as 
LIS 
02 


from the first length of the tape. 


The time interval t between the first and | sixth. tapes is 
5X02 5=1:0 5. Hence 


S; EN 
02 02 e S2—S, 


ms? 


a= T OS 02 
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6. When two elastic cords of the same original lengths and 
made of the same elastic are both stretched by the same amount as 
the one in the first part of the experiment, the new force will be 
twice the original force. 


Repeat the experiment using two, three and four stretched 
cords to apply-forces of 2F, 3F and 4F respectively to the same 
trolley. In each case calculate the acceleration a as shown above. 


. 7. Plot a graph of ‘a’ against'F'. Itshquld be a straight 
line passing through the origin as shown in Fig. 12.4. 


[B] To test the relationship асс a : 
m 


| (i) Again set up the apparatus shown in Fig. 12.2 but this 
time keep the accelerating force F constant by using two or three 
clastic cords and instead vary the mass the force acts upon. First 
Tun a single trolley, then two, three and four trolleys stacked to- 
gether (Fig. 12.5.) All the trolleys should be of equal mass m, so that 
the total mas. is increased by the same amount each time. Alter- 
natively, you could add metal blocks or standard masses equal in 
mass to the trolley, to a single trolley. 


CJ two TROLLEYS 
STACKED 


Fig. 12.5. 
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$ Once again one end of the runway must be raised to compen- 
sate for friction so that the trolley with the ticker tape attached 
will move with uniform velocity (i.e., the dots on the ticker tape are 
equally spaced) when given a gentle push down the inclined runway. 


(ii) When the preliminary adjustments are complete, attach a 


3 m length of tape to the trolley and apply a steady force using two - 


or three stretched elastic cords. Using the technique shown in 
Fig.12.3 (b); calculate the acceleration a and hence find l for the 
single trolley. 

(iii) Now double the mass to be accelerated by stacking a 
second identical trolley on the top of-thé first one or by adding 
standard masses equal in value to the mass of the trolley. Since 
the mass is now double, the weight is also doubled and therefore the 
frictiona! force will increase. Thus the runway must be raised a 


little higher so that it is friction-compensated ‘for. the double 
mass. : 


Now accelerate the double mass using the same two or three 
cords and determine a and - from the tapes.” 


Repeat the experiment with mass trebled and quadrupled. ` 
(iv) Plot a graph of mass m against reciprocal of acceleration 


“a : should be a straight -line through the origin similar to 


Fig. 12.6. 
Observations and Calculations d 


[A] For ‘a’ versus ‘F’ graph : 3 


. Acceleration 
S. No. Force (F) . S,—S, 


L ту? 


EEUU e ee ee 


1 1F 
2 2Е 
3. 3F 
4. 4F 


m 


4m 
3m 


2m 


1m 


О 


21—— 
Fig. 12.6. A graph of mass of the trolley against the reciprocal of 
. its acceleration. i 


[B] For ‘m’ versus 1. : 
ersus — graph : 


Acceleration 
Sa— Sı -1 


CT (" 
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Result : 


(i) A-graph of a against Е is a straight line passing through 
the origin. This verifies the relationship ; 


acF 


(ii) A graph of m against li is a straight line passing through 
the origin: This verifies the relationship 


1 1 
moc or ас-—. 
а т 


Precautions : 
(i) The experiment is best performed on a clean, smooth, 
plane runway or table. 


(ii). The frictional force between the trolley and the runway ог 
table must be compensated. 


(iii) A force Е required to stretch the cord must remain con- 
stant while you pull the trolley down the runway. 


(iv) Elastic cords must be of the same original lengths and 
made of the same elastic. 


(v) All the trolleys should be of equal mass so that the total 
mass is increased by the same amount each time. 


ORAL QUESTIONS 
(Same as in Expt. 8). 
Experiment 1 3. 


To study the first law of motion by Galileo's experiment, using 
the double inclined track (i.e., a pair of inclined tracks each of which 
can be independently Set ata small angle of inclination). 


Apparatus : 


A double inclined track (or a flexible curtain rail), a ball bear- 
ing of diameter 2:5 cm or more or a large marble, an accurate spirit 
level, about 15 to 20 small glass Pate each of size about 3 cm 
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X3cmx2 mm, wooden block, screw gauge; 2 laboratory clamp. 
stands ; 2 G-clamps. ў 


Theory : 


Uniform motion in a straight line is one in which a body 
covers equal distances in equal intervals of time, however small these 
intervals may be. A body not acted upon by an external force or, 


acted upon by balanced forces executes uniform motion in a straight 
' line. - 


According to Newton's first law of motion : “а body continues 
-o be in a state of rest or of uniform motion ina straight line unless 
and until it is acted upon by an external force to change its state of 
rest or of uniform motion." 


Diagram : 


WOODEN BLOCK 


(a) 


—— 
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Alternative Set up of the Apparatus: 
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Procedure : 
_ 1. Тау the, double inclined track on the table and clean it 
with cotton or tissue paper. : 

2. Hold the mid-point of the apparatus with the help of pair 
of weights. Insert a wooden block under the right arm such that 
itis raised by 3 to 4 cm. Make the other arm (say left) horizontal 
[Fig. 13.1 (а)]: using a spirit level. It can further be checked by 
placing a ball on this arm at different places. The ball should stay 
where it is kept. Each time we shall release the ball from the 
raised arm at a small fixed distance from the mid-point, say, at 5 cm 
or 10 cm. ; 
3 Now raise the end of left arm using glass plates [Fig 13.1 (b)] 
Measure the thickness of glass plates by using screw gauge. 

-It is advisable to check ир by а screw gauge that the glass plates 
are of equal thickness. These should be cut from the same larger glass 
plate. If these are of different thickness, write the thickness on each 
with a spirit based pen. Then for each inclination of the left anm · 
of the apparatus, calculate the height through which its end is raised 
above its horizontal position. : 


Alternative Set up of the Apparatus * ; 
60 cm wooden lath 


To support the curtain-rail is to glue а, OU Cm». 
(1:2 cm?) to each end of the underside of the curtain-rail. One end 
is conveniently held with a retort stand and clamp at a height of 
can be held in another 


about 30 cm above the bench. The other end 


retort stand. du 
The ball bearing is held at the top of one end of the curtainrail 
and released so that it rolls down one side and then up the other. 


REDE "le it can be tilted, to various slopes, 
As the curtain-rail is flexible it leased from each end 


bothequaland unequal. The ball can be 10 | 
in funnies see if aa difference occurs. The experiment may also 
be tried with a horizontal length between the two slopes. —  . 
Note. It is very important for the support to be rigid ү 
experiment is to be effective. There must not be energy losses cause 
by:the rail moving. f ^ 
4. Release a ball from the right arm and note the disan 2 
upto which it ascends on the left arm. Since the а u bike 
highest position only for an instant, you have to ра eri. Обет 
‘this distance of ascent three or four times and find t d. ЕС h 
Repeat the process for various inclinations Я ав У 
The inclination can be changed by changing the number of plates. 


1 
5. Plota graph between the slope ofthe left arm and 77 
the number of glass plates, you 


Sincethe slope is proportional to 
f glass plates. Extend the 


may simply plot ap OES number 0 


graph to slope zero i €, horizontal position of this arm. 


74 


Observations and Calculations : 


Distance of ascent 
Slope (d) in cm 


4 ling z 
S. No.| (No. of glass) ; g "єт" 1 
Plates ПЕЛ 3 4 | Mean 
mpm || — I[L——— | — 


9 SLOPE — X 
(NO OF GLASS PLATES) 


` Fig. 13:3. 
Result : 


The graph between 4 versus number of glass plates (i.e., ihe 


slope) is a straight line. By extending the graph to zéro slope, we 

find that the value of l is zero for zero slope. It indicates that the 
ball will go on moving when the' left arm is horizontal. This is 
what First Law Of Motion says. 
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Precautions : np 

1. The double inclined track or the flexible curtain-rafl must 
te properly cleaned. Key to the success of this experiment, is its low 
rolling friction. Even minute amount of dust or oil stain on the ball or 
on the track can cause much friction. It is better to clean both by a 
tissue paper or cotton soaked in pure carbon tetrachloride. 

2. Glass plates should be of equal thickness. These must be 
cut from the same larger glass plate. 
А 3. Sincethe ball stays at the highest position only for an 
instant, one has to be alert to observe the distance of ascent. 

4. The support must be rigid. There must not be energy 
losses caused by moving of the rail. ; 


ORAL QUESTIONS 
(Same as in Expt. В). 
Experimert 14. 


(a) To find the force of dynamic (sliding) friction for a wooden 
block оп a horizontal plane. 

(b) To find the force of rolling friction for а wooden block - 
moving on rollers on a horizontal plane. А 4 
Apparatus ; 


i lley which can be fixed at the 
MENU UNE d inclined plane apparatus 


edge of a table and a flat plate of glass (О у е 
with glass top and muet a light scale penr dried Дох WS 
fractional weights, a spring balance, spirit level a . 


Diagram 8 

WEIGHT ON THE BLOCK 

BLOCK OF WOOD OR METAL 
FRICTIONLESS 
PULLEY 


FLAT PLATE OF WOOD, 
METAL OR OF GLASS 


DETERMINATION OF 
CO-EFFICIENT OF 
FRICTION 


WEIGHTS 


Fig. 141. 
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Theory : 


The surfaces of bodies are never perfectly smooth. When two 
bodies are in contact and an attempt is made to slide one over the 
other, an opposing force called force Of friction arises asa reaction 
to the applied force and acts in the opposite direction. The maxi- 
mum force of friction that can be- called into play between any two 
surfaces is known as limiting friction (F). This limiting friction is 
directly proportional to the Normal reaction (R) or. the force acting 
normally on the surfaces in contact with each other. 


Mathematically, 
FoR 


or з | F—,R | where p is coefficient of friction. 


‚ This constant’ depends upon’ the nature of the surfaces in contact 
and'the material of the bodies. 


The force required to start two surfaces slipping over each 
other when pressed together with a given force is greater than the : 
force necessary to keep them moving over each other when once they 
are started. We thus -have two frictional forces for a given force . 
perpendicular to the faces. One of these is called the static: 
frictional force, being equalito the force that has to be exerted 
to start the motion, or the force exerted on each other by the 
two surfaces when at rest. The other force is called the dynamic 
frictional force being equal to the force required to keep the 
Surfaces in' steady motion over each other when once the 
motion has commenced. . Corresponding to these-two forces 
there will be two coefficients of friction. The coefficient of static 
friction and the coefficient of dynamic (or kinetic) friction. The 
coefficient of static friction is invariably greater than the coefficient 
of dynamic (or kinetic) friction. 


Procedure : 

Dynamic (sliding) Friction : 

1. Adjust the table with a flat plate of glass on it so that the 
surface of the flat plate of glass is horizontal. Check it with the 
spirit level and by inserting pieces. of paper/card board under the 
end which is lower, E 

(If you propose to slide the wooden: block on the surface of 
table itself, make it horizontal.) ' 

2. Make sure that the pulley is frictionless. If not, oil it. 


. 3. Determine the least count and zero Correction of the 
Spring balance. 


4. Find the correct weight of the given wooden block (W) · 
and of the scale pan (P) separately. 


. the block to roll on. : 
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5. Connect the hook of the wooden block with the help ofa 
thread to the scale pan. Pass the thread over the frictionless pulley 
as shown in Fig. 14.1 so that the scale pan hangs freely in the air. 
The portion of the thread between the hook and the pulley may be 
horizontal. 


6. Tap the glass top gently and adjust the weight W in the 
scale pan so that the block moves s/owly and continuously along the 
whole length of the glass plate. Note the total weight in the pan 
including the weight of the pan i.e., Р--ю. In this si uation the 
(Pw). force of dynamic friction on the glass top is equal to 

:W). 


The motion of the block may have some jerks as the friction 
may be slightly greater at some portions of the glass top and less а} 
others. Clean that portion by tissue or soft clean dry cloth and 
repeat the movement of the block. 


. 7. Repeat the experiment at least ‘six tim 
weight of 20 g, 30 g, 40 в, 50 g, 100 g, 1508 etc,- 
block. 

8. Rolling Friction. Next put rollers e.g., round pencils, or 
glass rods slightly longer than the breadth of the glass top or nails 
with their heads cut off by a hacksaw etc., all along the glass surface 
and let the block move on them. Again find the force which moves 
the block slowly along the entire length of the glass top. In this case 
the light weight pan will have to be used and small weights (even 
milligrams weights) will be needed to achieve proper adjustment, 
because the rolling friction is very small. 

In fact, rolling friction depends on the objects placed below. 


the bl i its find the rolling friction for 
ock to roll on. If time permits ER Р 


mustard seeds .or glass marbles or sma 


es by placing а 
on the wooden 


Repeat the experiment at least six times by placing а weight 


of 20 g, 30 g, 40 g, 50 g, 100 g, etc., on the wooden block. 
Observations and Calculations : / 
Least count of spring balancé 
"Zero error of the spring balance +": 


Weight of the wooden block 
Observed— --: 
Corrected =W =... g 


~ & 
g 


Weight of the scale pan’ 
Observed E 


Corrected — P= 
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Dynamic (sliding) Friction : : 
. = 
: Weight on Force of Dynamic 
S. No. the block Weight in the pan (sliding) friction 
(х) ing (w) in g (P+w) in N 


Rolling Friction : 


? 


Weight on Weight in Force of rolling 
S. No. the block the pan friction 
(б) in g (w) in g (P+w) in N 


—— [—- ‚ 


- 


7; 


ЖШШЕ ы н ы о се ез Mor д ламы! Шз e 


Precautions : 


1. The pulley should be free from friction. 
.2. The glass surface shouts be Сорап, bry and horizontal. 


thesurface with which the body is 
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3. The thread between the hook and the pulley should be 
parallel to the glass surface. : 

4. The pan should not touch any part of the table. 

5. The glass plate should be very gently tapped. а 

6. It may happen that during its jerky continuous motion,. 
the wooden block may get stuck up at some spot and may not 
move on tapping the horizonta! surface. This spot is not sufficiently 
clean. Clean that spot by ‘tissue or soft clean dry cloth and repeat 
the movement of the block. 


Sources of Error: 
l. The weights in the weight box may not be standard. 
2. The pulley may not be frictionless. 
3. The horizontal surface of the glass plate may n 
equally rough everywhere. i 
Note. · The position of the wooden block o 
the direction of the wood fibres relative to it, an 
affect the magnitude of dynamic/rolling friction. 


ORAL QUESTIONS 
Q. 1. What is friction ? 


Ans. Whena der the action of a certain force, 
pody UR in contact produces a counter 


force which resists the motion of the body by acting in the opposite- 
direction., This resisting force is called friction.. 

Q. 2. What are its causes ? 

The- 

Ans. It is due to the roughness of the two surfaces. 
two irregularities of surfaces in contact interlock. Ише лыб. 
upon the force with which the bodies are pressed ag 
other. 

Q. 3. What is limiting friction ? M 

Ans. It is the maximum force which is called into play when 
ene body moves over the surface of another body. 

Q. 4. What is coefficient of friction? " 

Ans. It is the ratio of the limiting friction (F) to the norma 


reaction (R) for the two surfaces in contact, / €» =R 


Q. 5. What are different kinds of friction am WE 

Ans. Static qu ; sliding friction and rolling friction. 

Ф. 6. Which is least’of all? 

Ans. Rolling friction. 

Q. 7. How will you reduce frictio 
. ‘Ams. Itis reduced by ball bearings 
is substituted for a sliding contact as rol 
than the sliding friction and by lubrication. 


ot be 


n the friction table 
d the moisture, alb 


п in your pulleys 1 
where in a rolling contact 
ling friction is always less. 
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О. 8. Is friction of any use in nature ? 1 

Ans. Yes ; walking should ‘have been impossible without 
friction and skating all the more difficult. . Nails and screws would 
not hold nor would the fibres of a rope hold together etc. 

Q.9. Why friction is an evil ? 

Ans. Because work done by a machine, i.e., output is always 
less than work done on it, i.e., input and hence the efficiency of a 
machine is always less than 100%. This is because a part of the 
energy supplied to the machine is used up in over-coming friction 
-between the various parts of the machine. ] 

Q. 10. .How will you reduce friction ? 


Ans. By making the two surfaces smooth. By using ball 
bearings arrangement and by shaping the body in a stream line by 
using lubricanis, etc., etc. 

Q. 11. What is static friction ? 

. .Ans. When a body is made to slide over the other, a force of 
friction comes into play inthe opposite direction. As the applied 
force is increased, the opposing force also increases. This opposing 
force of friction is called static friction so long as the body does 
not move, Ac 

O. 12. Is the static friciion constant ? 

Ans. No. It increases with the applied force so long as the 
body does not move, It is a self-adjusting force. ` 

Q. 13. What is normal reaction ? 

Ans. When a body is placed over the surface of another 
body, the former gives action to the latter and the latter gives reac- 
tion to the former in the opposite direction. The magnitude of the 
reaction in the direction normal to the surface of the latter is called 
normal reaction. 

Q. 14. What are the laws of limiting friction ? 

Ans. (i) The magnitude of limiting friction between two 
surfaces is directly proportional to the normal reaction. 

(ii) The magnitude of limiting friction is independent of the 
Shape and area of the surfaces in contact so long asthe normal 
reaction remains the same. 


Q. 15.. Is the value of coefficient of friction same for all pairs 
of surfaces?  ' Р 


_ Ans. No ; the coefficient of friction is different for different 
` pairs of surfaces. " 
. Ө. 16. On what factors does the coefficient of friction depend ? 


Ans. It depends upon the nature and state of polish of the 
two surfaces in contact. н 


Q. 17. What is dynamic friction or. kinetic friction ? 


Ans. It is that force of friction which comes into play after 
the motion has started. 
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Q.18. What is rolling friction ? 

Ans. Whena body rolls or tends to roll over.the 
another body, the resisting fori led i SF Ee 
Tolling friction. E ILL vn known as the 

Q. 19. Which is greater; static frictio, за іс friction ; 
rolling friction ? 1 friction ; dynamic friction ; 

... Ans. Static friction is slightly greater than the dynamic 
friction whereas static friction and dynamic friction are very much 
greater than the rolling friction. 

5 Eo. 20. How does rolling friction depend on the radius of the 
whee. | ү 
. Ans. The force of rolling friction varies inversely as the 
Tadius of the wheel. 

Q.21. Hcw does rolling friction depend upon rigidity of the 
1wo surfaces. 

Ans. ]t decreases as the rigidity of the two surfaces increases. 

Q. 22. Why do we not get the same value of coefficient of 
friction for different observations ? 

Ans. Because the surface over which a body moves is not 
uniformly polished and so the friction is different at different points; 
so the value of coefficient of friction also differs. 

Q. 23 What is angle of friction ? 

Ans. Theangle which the resultant of normal reaction and 
force of limiting friction makes with the normal reaction is called 
angle of friction. 

Q. 24. What is the relation between angle of friction and 
coefficient of friction ? 

Ans. The tangen: of the angle. of friction is equal to the 


coefficient of friction, i.e., me 
p=tan 0 where г —coefficient of friction 


0—angle of friction. 
Q. 25. Why do we oil the pulley ? 2 d 
Ans. The pulley is oiled so that the friction at the bearing 18 
minimised and the pulley is free to rotate. . 1 ads 
Q. 26. What is the disadvantage if the pulley is not friction- 


ied force is utilized in overcoming 
the friction of the pulley and thus the observed value of the coeffi- 
cient of friction will be greater than the actual value. 


E { ? 
. 27. Why do we slip оп a rainy day? _ 
NA Onarainy day, water forms a thin layer between the 


shoe and the ground and the friction becomes very much less. Thus 
E m Wis should the thread from hook to pulley be hori- 


less? 
Ans. A part of the appl 


Q. 28. 


zontal ? 


82 


Ans. Ifthe thread is slightly raised,. the surface of the body 
to which thread is attached may be raised and thus the surface may 
not be in contact with the lower surface. 


Experiment 15; 1 
To study the relationship between force of dynamic friction and 


normal reacticn, between a block and a horizontal surface by drawing 
«graph. Can this be identified with some Physical quantity 2 


Apparatus : 


A table with a frictionless pulley fixed at one end (or an 
inclined plane apparatus with glass top and pulley), a flat plate of 
glass, of brass or of zinc, blocks of. different materials with hooks, 
а scale pan, a weight box, spirit level, spring balance a set of 
5X 200 р slotted weights, thread. 


"Theory: : 
Refer Fig. 14.1 and theory in Experiment 14. 
Procedure : 
Fig. ua the apparatus as in Experiment 15 and shown in 


Follow steps 1to 6 in the procedure of Experiment '14 for 
dynamic friction. 037 

: Find the force of dynamic friction (P--w) first with the 
Wooden block alone sliding on the horizontal glass surface. 

Also find the corrected weight w of the block with the help 
of Spring balance, which is equal to normal reaction (R) between 
the wooden block and the glass top. : 

- Next place one slotted weight (200 g) on the wooden 
block and measure the force of dynamic friction as wel! as normal 
Teaction, 

„ШШ this manner make these two measurements with various 
Weights placed on the wooden block. ) 

3. Plot a graph taking normal reaction (R) along X-axis and 
the dynamic SER (Е) Pw along Y-axis. The graph will be 
а straight line upto a certain limit (Fig. 5.1). 

(Draw a straight line with a ruler which best fits the points 
marked on the graph paper to represent your experimental data 
becaüse measurement of force of dynamic friction is not a precise 
measurement and your data may.not be able to distinguish between 
a straight line graph and a curved graph). 

4. By Covc;ingthe table with a flat plate of brass or of zinc 
and using blocks of different materials, the force of dynamic fric- 
tion between several difierent pairs of surfaces can be determined. 

Notes. You may have to make a judicious choice of the size 
of the block and the set of slotted weights for this experiment. If 
the block is too light, its force of dynamic friction may even be less. 
than the weight of empty scale pan and you may not be able to 
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take a : Я P n j 

normal EO with block alone. Similarly, the maxim 

slotted wei rud with which you work by placing the entive set c 

dynamic fj ghts on the block should. not be о large that its force of 

weight friction is larger than. the force obtained by placing all the 
Б, of the weight box on the pan. 

. Ifthe slow continuous motion О 


f (he block on the glass 
rubbing it briskly with 


su ; c 

a SE d nr jerky, clean the glass surface by л 

solution. - tdry cloth. If oil spots are seen on it, clean by soap 
rface of any one 


Tits [tis essential for consistent results that the su | of 
КДУ, shall be in a uniform state of polish -all over. If this is not the 
Des the experiment must be carried. over so that the portion of the 
ui surface moved over is always the same. This is done by 
pL on the fixed surface and starting the block always 
in the same condi“ 
of surfaces. ` If the 
oie e ce, the coeffi- 
a nt of friction will be changed to some extent.. 
а ndenses on the surfaces, the coe f friction will be changed 
ntirely, > 


Observations and Calculations : 
Least count of the spring balance’ 
Zero error of the spring balance == 
Weight of the block . Observed = 
Corrected —w— 


Weight of the scale pan Observed 
З Corrected — P— E g 


Weight on | Weight in 
S. No.| the block 
Q) ing 


From the graph : 

Force of dynamic friction (F) 

Normal Reaction (R) 

-. Coefficient of dynamic friction =E 
Result : 

(i) Since the graph between normal reaction (R) and the force 
of dynamic friction (F) is a straight line, therefore, FocR for a 
particular pair of surfaces in contact. 

(ii) The ratio -E —constant and is called the coefficient of 
dynamic friction (р) for a particular pair of surfaces in contact. 
Precautions : 

Same as in Experiment 14. 

Sources of Error : 

Same às in Experiment 14. 

ORAL QUESTIONS 
Бате; аз п Expt. 14. 


SECTION D s 

Experiment 16 ; 

(а) To find the time-period of a simple pendulum and hence find the 
value of g i.e., acceleration due to gravity at a place. 

(b) Draw a graph between 1 vis t and I vis Ё and study which is better 
where Lis the length of simple pendulum and t is the time period- 

(© To determine the length of the second s pendulum from the graphil 
vis Ё. 


. Apparatus : 


Metallic bob with hook ; clamp stand ; two split pieces of cork ; fine. 
cotton thread about 200: cm in length; Vernier callipers ; stop-watch or 
stop-clock ; metre-rod ; stand and a piece of chalk. 

Theory : 

An ideal simple pendulum consists of a heavy particle suspended by a 
weightless, inextensible and perfectly flexible string from a point about 
which it can vibrate without friction. But as these conditions cannot be - 
achieved in practice, a metallic bob suspended by means of five cotton 


thread constitutes a simple pendulum. 
THREAD 
d CORK PIECE 
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As the bob is displaced from its mean position, it moves to and fro 
about this position with simple harmonic motion (S.H.M.). The time taken 
,to complete one vibration (Time Period t) is given by 


1=2лү 1 
g 


where l= effective length of the pendulum, i.e., length of 
thread+radius of the bob. 
and 8 = Acceleration due to gravity at a place. 
g -4m І 
Га 


Ata given place, ‘g7 is constant 
1- constant 
2 


or Graph between and £ is a straight line. 


A Second's Pendulum is that Pendulum whose length is such that it 
completes one vibration in 2 seconds. 


Procedure ; , 


@ Find the vernier constant and zero error of vernier callipers. 
Determine diameter and hence radius of the bob with the help of vernier 
callipers as explained in Expt. (1) | 


(ii) Tie the bob to one end of the given cotton thread (150 cm). Pass 


other end of the thread through the two half pieces of a cork and hold the. 


cork firmly in the clamp stand. See that cüt of the cork is at right angles to 
the edge of the table, 


($) Place the stand on the table as shown in the diagram above in such 

2 way that bob is at a distance of one to two cm above the ground. Mark 
two lines with a piece of chalk just below the bob, one of the lines being 

parallel to the edge of the table and second perpendicular to it. Adjust the 

Mand so that the bob lies exactly above the point of intersection of the two 


M NA 
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Mark two points A and В on either side of the point of intersection and 
ata distance of 2 cm from it as shown in the diagram. (Fig. 16.1): 


(iv) Put an ink mark M with your pen on the thread at a distance of 80 
cm from the centre of gravity (c.g.) of the bob. Put six more marks on the 
thread each at a distance of 10 cm from the previous one. This means that 
the new marks are at distances of 90; 100; 110; 120; 130; 140 cm from the 
c.g. of the bob. 1 


Put the 140 cm mark just at the lower surface of the cork i.e., at, the 
point of suspension by suitably pulling the thread through the cork piece. 
Now adjust the position of the clamp on the stand in such a way that the 
bob keeps a height of 1 to 2 cm from the ground and exactly above the 
point of intersection of the two lines perpendicular to each other. 


(v) Take the bob along the line AB distance of 2 cm on either side of the 
point of intersection and release it. The pendulum begins to sb 
that it executes linear vibrations, i.e., it oscillates along the straight line and 
not along an elliptical or circular path. Also see that the pendulum does 
Not start spinning. Now examine the stop clockiwatch and find ош its least 
count. Also determine its zero error if any. 


amplitude of vibration is small, after 


If the vibrations are linear and the i 
when the pendulum just passes 


few vibrations, start the stop watch or clock : 
through 0, the mean position of the pendulum towards any sig say A ge) 
count zero. When it'again passes through *0* in the same direction, Le., 
towards A, count 1,2,3 and so on upto 20 in this way and stop the watch 
when the last vibration is just completed. Note the time for 20 WEES 
upto the fraction of a second. Repeat three times without stopping the 
vibration of the bob and take the mean time. Convert this time into 
seconds and divide it by the number of vibrations, i.e., 20 to get the 


periodic time (t) of the pendulum for this length. 


(vi) Next, reduce the length by 10cm by pulling the thread 
up after slightly loosening the clamp. Also lower the clamp to 
keep the bob near the floor as before and take the time period for 
thislength. In this way repeat the experiment atleast six times 
by reducing length. 

‚ See that at least four readings should be taken when the length 
of the thread is more than one metre and two readings when less than 
100 cm. ; 


Calculate the value of J/1? for each observation and take the 
mean. Find the value of ‘g’ by multiplying this mean 4x. 


(vii) Determination of Length of Second's Pendulum from 
Graph. Plot]—1* graph using the value of P as abscissa and the 
corresponding value of z? as ordinate with suitable scales and with 


theleast value as origin. This will be a straight line as shown in 
Еір16.2. i 


Y 


Graph between Land 12 


(140, 5.61) 
Result 


5. 
ро Length of seconds 


5.25 | Pendulum = 100 стоў (130, 5.24) 
5.00 
E (120, 4.84 
m 9 4.75 ‚ 4. 
8 © 450 ч 
о т (110, 4 41) 
8 Е 425 
St 
ع‎ 
Боо (100, 3 45) 
$ 375 
[s] 
= 3.5 
Ё 280 90 100 110 120 130 X 
S Length ——» 
5 li Small Division = 1 cm 


Fig. 16:2.. 


А simple pendulum whose line period is 2 seconds is called 
а second’s Pendulum. 


-Thus if t=2 sec; 1—4 sect. „Hence corresponding to t?=4 
along the y-axis, draw a horizontal line which intersects the graph. 
at a point. Draw a vertical line through point of intersection and 


read the value of ‘7, which is the required length of Second’s 
Pendulum. 


(viii) Plot /—2 graph, taking / along x-axis and t along y-axis 
as shown in Fig.6.3. The graph will be a curved one: 


Observations : 


t (Time Perlod) -—» 


thread with hook 


Length of the 


Scale 
Along X-axis = 


1 Small Square = - - - - - cm 


Along Y-axis = 
1 Small Square = ..... sec 


£ (Length) —> 


Fig.163. (graph ч/з) 
Mean zero correction of the callipers— 
— cm, (2)= 

Mean— 
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Calculations 2 
ce ge EE cm/sec? 
Result : 
(a) Corrected value of *g —............ cm/sec?. 
Actual value of ‘g’ at a place— ............ cm/sec? 
difference 


aa 96 error= à ;— X100 


Actual value of ‘g 


(b) The graph between] and г> is a straight line showing 


that Г с t* and the graph between / and t is a curved onc. 
(c) Length of Second's Penduluni from the graph 
== Ute cm 


Correct Length of Second's Pendulum——5- = EN. dea cm 


difference 


correct value ~*~ 100. 


%error= 
Discussion : Р 
` .. (d) The graph between / v/s £? is better than the graph between 
1 v|s t. This is because the slope for a graph between 1 vjs t? (which is 
a straight line) is the same for all the points on it while this is not 
хо fora graph between / v/s t (which is a curved one). 
the calculation of “г” using a single point on Г v/s t? graph gives the 
average value of all the observations taken, the average value of g 
from the I v/s t graph can be found by taking large number of 
points on it as it is a curved one and the slope is different for diffe- 
rent points. 
Precautions / : 
1. The support should be rigid and the lower faces of the 
cork pieces should be in the same plane. ў 
2. The thread should vibrate at right angles to the split and 
should be as long as possible. 
3. The amplitude should be small and the bob should move 
in a straight line. i 
4. Time should be measured carefully correct upto the 
5. The length should be changed by at least 10 to 15 cm to 
have a considerablé change in the time period. 
6.-. А free hand smooth graph should be drawn. 
7. Theexperiment should be performed at a place where 
disturbance due to air is minimum. 


\ 
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Sources of Error 
i) Non-rigidity and vibration of suspension support. 
(i) Elasticity of the thread. 
(iii) Personal error in starting and stopping tne clock. 
(iv) The inaccuracy of time measured. by a stop clock or 
watch and presence of air currents. Any error in f 18 
doubled in calculation of г. To measure “а 


the clock may be compared to a standard chronometer 
and the time for a large number of vibrations should be 


determined. 
(v) Spinning of the bob cannot be completely avoided. 
Exercises 

Q. 1. Prove by experiment that the time period of a simple 
pendulum is independent of (a) the amplitude provided it is not too 
large (b) the mass and the material of the bob, and (c) the nature of 
string used. 

Q. 2. Find the period of a pendulum 5 metres long. 


Hint : Find the mean value of E for some suitable lengths. 


1 CU AJ 
= =— t= na e 
A TT ^ 


By substituting the value of 'c and 1—500 cm, ‘P may be 
calculated. : 


Let it be ‘c’, then 


ORAL QUESTIONS — 
Ф. 1. Distinguish between ‘g and ‘G. біте their units- _` 
Ans. ‘g stinguish ноп. duc to gravity caused due to foro 
of attraction due to earth. ‘G’ is the universal gravitational constan zi 
and it is defined as the force of attraction betwecn two bodies 
unit mass each separated by a unit distance between them. 
T cmjsec* msec" 
ў с dynes cm" /gm” N.m'kg 
Q. 2. Is there any relation between 'g and G'? What are the 
values of ‘g and ‘GF ? 
GM 


Ans. g— Ri where M=mass of the earth 


= 22 or 9'8 m/sec” 
E SD dynes cm/gm* or 667 x 10? N m'/kg? 
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Ф. з. What is the difference between Gravity and Acceleration 
due to gravity. 

Ams. Gravity is the force with which the body is attracted 
towards the centre of the earth while acceleration due to gravity is 
the acceleration produced duc to gravity. AL 

Q. 4. How does “р” vary with height ; depth or due to rotation 
of the earth about its axis 1 
‹ Ans. Tt decreases with height : with depth and due to rotation 
of the earth. $ 


Q 5. How does'g' vary from place to place on the surface of 
? З 


Ans. It is minimum at the equator, goes On increasing as we 
go towards the poles and is maximum at the poles. 


Q. 6. What will be the weight of the body at the ‘centre of the 
? К 


Ans. The weight of the body will be zero there because < is 
zero at the centre of the earth. d 

Q. 7. Is g a Scalar Quantity or a Vector Quantity ? 

4р5. It is a Vector Quantity. 


Q. 8. What will happen if ‘g becomes zero on the surface of 
the earth ? 


Ans. No body shall have amy weight and all the bodies will 
fly away in the space. ; R 

Q. 9. What is a simple Pendulum ? Who discovered it ? 
Ans. A simple pendelum is defined as a heavy mass suspen- 


Ф. 10. Can you have a Simple Pendulum strictly according to 
cirea 


Aus. No ; as it is impossible to have a weightless,. inexten- 
sible and perfectly flexible string. 3 

A heavy mass suspended by a cotton thread is the nearest 
approach to a Simple Pendulum. Y 

Q: 1L Why do we use a heavy bob? Why should the bob be 
Smaller in size ? 

Ans. . We use a heavy bob so that the restoring force trying 
to bring the bob back to its mean position may be large enough 10 


Ф. 2. What is effective length of а Pendulum ? 


Ans. It is the total length from the Point of suspension to 
the centre of gravity of the bob. 
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Q. 13. Canwe use a conical ylindrical bob instead 
spherical one ? т zo f 

Aas. Yes ; it can be used but spherical bob is always prefer- 
red because it is easier to locate its centre of gravity- 5 

Q. 14. Define Simple Harmonic Motion. - 

Ans. It is that periodic motion in which acccleration is pro- 
portional to the displacement and is always directed towards the 
mean position. 

Ф. 15. What is Vibration ? 

Ans. By a vibration we mean the motion of the bob from 
the mean position to onc extremc position, back to the mean 


Q. 16. What is time Period ? 
Ans. It is the time taken by a body to complete onc vibra- 


4 


tion. 
Q. 17. Define Amplitude. ; 
Ans. It is the displacement of the bob on cither side of its 


mean position. 
. 18. What will happen if a hole is bored through the earth 


Q. 4 
right to the other end and a body be dropped into it ° 

, Ans. Tt will execute S.H-M. 

Ф. 19. What is the formula for the time period of a Simple 
Pendulum ? 


‘Aus! 2] Т where 1—time period 
z 


Q 21. What is Second's Pendulum? _ f 
Aus. A pendulum whose time period is two seconds È called 


Second’s Pendulum. 

9. 22. nul desine period af S Simpie FORME Meet 
upon mass, size and material of the Боб ? А 

Ans. No ; the time period is # t of the. mass, size 
and nature of the material of the bob- . 1 

©. 23. What are the positions where bob has maximum velocity 
and acceleration ? 

maximum at the mean position and 


Ans. The velocity is 


acceleration is maximum at the extreme position. 


Q-24. What is an isochronous motion ? i 
. Ans. It is that motion in which the time period remains the . 
' same although the amplitude goes on decreasing. 
Q.25. Why does the amplitude decrease with time ? 
Ans. Due to resistance of air and friction at the point of 
support. 
Q.26. Does the law of conservation of energy hold good 
during the motion of a Simple Pendulum, ? 
Ans. Yes, it holds good. ‘ 
Q.27. What will happen if the bob is made fo oscillate in 
water ? 
Ans. The time period’ will increase as the effective value of 
‘g decreases due to upward thrust of water. 
Q. 28. What will happen if the bob vibrates in vacuum ? 
Ans. The time Period decreases as the valuc of “2” increases 
because in vacuum there will be no effect of buoyancy of air. 
Q- 29. - Why we start taking time period after it khas completed 
some vibrations ? : 


. Ams. The first few vibrations are supposed to be forced 
vibrations. Thus the bob will not have its free time period during 
these few vibrations. 


Q. 30. What happens if the bob kas rotatory motion clong with 
the translatory motion ? : 
Ans. There will be twists in the thread due to rotatory motion 
which will affect the time period. 
Q.31. Why do the clocks go fast in winter and slow in 
r? 


Ans. Because the length of the pendulum decreases in winter, 
50 Ше time period decreases and thus the clocks go fast in winter. 
In summer their length increases and thus the time period increases 
resulting in the slow running of the clock. — - 

Q 32. Why are the pendulums of good clocks made of Invar ? 

oy Ams. Because Invar (an alloy containirg 64% of iron and 

36% of nickel) has a very small coefficient of expansion. 

Q.33. What is personal error? 

Ans. The stop clock may not be started or stopped at the 
bur time, thus introducing on error in noting down the time 
Q 34. What is an inaccessible pendulum ? 


. Ams. It is that dı int of nsion is sO 
high that its Kad рзона whose eni of suspe; 


2m qu 35. What type of graphs we get between (a) 1 and 13, (b)l 
Ans. (a) Straight line. (5) Parabolic curve. 
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Q.36. What is the principle underlying measurement of time ? 

Ans. In principle any process which repeats itself after regu- 
lar intervals of time can be used for measuring tiir c. y 
i :Q.37. Upon what factor does the pulse rate of a human being 
depend ? 

Ans. Pulse rate depends upon the mental and physical condi- 
tions and it varies from one individual to another. 

.38. How could pulse rate be used for measuring time ? isit 

reliable method ? 

_ Ans. By calibrating one's own pulse beat. Since pulse ratc 
varies from one individual to other and it depends upon the mental 
and physical conditions so as such a lot of subjectivity creeps into 
the measurement. s 

Hence it is not a reliable method. 
Experiment 17 : 
To study the conservation of energy of a simple pendulum using 
ticker timer and a tape. 
: Apparatus : 


A brick, laboratory clamp stand, four G-clamps, ticker tape 


time, strings, ticker tape, string of length 2 m, spring balance. 
Diagrams : 
LABORATORY — 
CLAMP STAND 
TICKER 


Fig. 17.2. 


Theory : : : 
(a) When a force moves a body, work is done on the body. 
(6) When work is done on a body by a force, cither its kinetic 
energy or potential energy increases or both increase. 
(c) Total energy of asbody in motion always remains constant 


if no external force acts on it though it may change from onc form 
to another. К 


Procedure: ` 


1. Take a laboratory stand and clamp it firmly by a G-clamp 
to the edge of a table. 


2. Makea heavy pendulum bob by tying a string toa brick. 
Hang it to the clamp stand as shown in Fig. 17.1. 


The more massive the support the more successful is the experi- 
ment. A light support allows energy 10 leak away. So does a loose 
support. Therefore, the pendulum cord should be firmly clamped at 
the top between two bits of metal or wood with their lower edges flush 
as shown in Fig. 17 2. 
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3. To avoid the toppling of the stand, reinforce the vertical 
tod of the stand by tying its ‘upper end with wires of soft iron to 
three G-clamps fixed on the edges of the table. 


4. Adjust the length of the string such that the total length 
of the pendulum (i.e., the length from the point of suspension to the 
сепіте of gravity of the heavy bob) is about 1°5 m. 


5. Tie another string or thread through the middle of the 
brick such that the line of the thread passes through the c.g. of thc 
brick. 

6. Putthe timer at about the same level as the lower surface 
of the brick. Attach the tape of the timer to the brick. Pull the 
thread passing through the c.g. aside such that the dip!acement of 
the brick is not more than 10° from the vertical. Hold the string 
there. The tape of the timer should also be taut. 


7. Start the timer and let the thread go. As the brick moves 
to the other end, it pulls the tape through the timer and makes a 
record of the position of the brick at successive time intervals. 
When the brick reaches the far end switch off the timer. 


On the record of the tape the extreme positions of.the pendu- 
lum bob (brick) are represented by the two extreme dots on ihe 
tape. The central position of the pendulum is represented by me 
centre of the two extreme dots. Moreover, another check of he 
` point on the tape corresponding to the central position o a 
pendulum is that at equal distances on either side of the centra 


Point, spacing among adjacent dots is equal. 
е 
8. Measure the displacements of the pendulum from th 
central point to 12 or so selected dots. à 
made, 
9. Also find the time when each of the selected Чо уаз 
by counting dots from the central point. 
10. Draw a graph of the displacement of th 
time. 
11. Find the mass of the brick with a spring balance. 


12. Use the graph to find the velocity erue erga 
5 points on the left of the central position T) сс pud 
right. Now calculate the kinetic energy (К.Е. 


13. Plot a graph of the К.Е. of the. pendulum versus its post- 
tion. Find out the point at which it is minimum. К 

і .) of the pendulum, at these 

NEEE iR po can also be computed by 


i i .E. was ca ау 
ро pe shi through which the brick is lifted above the 


е brick against 
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central position. The P.E. at the central position is taken to be zero. 
The height can be found by a simple relation. 

И / is the length of the pendulum and [e] 
d its horizontal displacement from the 
central position, then, the height A above 
the rest position (Fig. 17.3) is found as 
follows: OCXCE—ACXxCB 


(I—h)xh=V 42—12 х A/ d3— h? 
158—2 —dq*—h* s. lh=d? 


or h=— 


(This holds as long as d is small com- 
pared to I). 

.15. Draw a graph of P.E. versus 
position on the same graph on which K.E. з 
versus position was drawn. Study the Fig. 17.3. 
change in P.E. and K.E. and see how do they compare. 

16: Find the sum of the К.Е. and Р.Е. of the pendulum at the 
selected points. { E 

(If desired, the experiment can be made shorter by omitting 
the graphs for kinetic and potential energies. Instead total energy 
at the selected points may be calculated.) 
Observations and Calculations : 


Zero error of the spring balance=...-.-...g 
Mass of the brick 
Observed .........g Corrected - M—.. ......g 
Velocity 
Side | S. | Displace- | Time d y: K.E. | Height | Р.Е. | KE. 
from ment (7) т ефти? mmgh| Р 
r (т|з)?| in in J in 


(d) in m in з 


Left 


ticker time and tape. 


„tape from the reel before droppin 


2 


Result : 

The sum total of mechanical energy (K.E.--P.E.) possessed by 
the simple pendulum at any point always remains constant within 
experimentalerror. Energy is neither being created or destroyed, it 
is being transformed from: K.E. to P.E. and vice-vessa with exact 
equivalence. .Any increase іп К.Е. is exactly equal to the decrease 


in P.E. and vice-versa. 


Precautions : 

1. The displacement of the brick should not exceed 5° to 10° 
in order that (i) formula for calculation of his valid and (ii) dis- 
tances of dots on tape from central point truly represent correspond- 
ing displacements of the brick from its central position. 


2. Length of the pendulum should be at least 1'5 cm. 

3. The support should be rigid and massive: 

4. Spinning of the bob (brick) must be avoided. 

5. There must not be energy losses due to light and loose" 


support. 
Ч ORAL QUESTIONS 


(Same as in Expt. 6). 


Experiment 18 : 


To study the conservation of energy of a body falling freely using 


Apparatus : 

Ticker-timer, tape ;‘pulley or glass rod for paper tape to pass 
over it, an object of mass about 100 g (which can be easily suspen- 
ded by:the tape with a sellotape). 


Theory : 
Same as in Expt. 17. 
Procedure : 
i i he stool placed 
I. Clamp the ticker timer near the edge oft 
on the table so that the paper tape, after passing ore the glass rod 
(or a glass tube or pulley) hangs vertically. The glass rod is u o 
reduce friction and save the tape from tearing. SA dn 
j ji i llotape (Fig. 18.1). 
2. Hang the object with the tape using а 5 F 
Hold the icd ofthe tee in a horizontal axle clamped in a stand 
so that it feeds the tape into the timer without applying any signi- 
ficant-drag while the body is falling freely. ne ў 
i he tape on to open 
3. Hold the body at rest by pressing t ў 1 
portion of the ticker-timer by the thumb. Start the ticker-timer and 
release the tape. (Zf is udvisible 10 cul off the appropriate Icngth of 
h g the weight.) 


cm 5 Fig. 18.1. 


4. Find the velocity of the object at different heights above 
the ground (i e. at a few selected dots on the tape corresponding to 
Which height ofthe object above ground can be measured on (he 
tape). Consider an equal number of dots, +, before a selected dot 
and after the selected dot. The distance covered by the object. bet- 
ween these (2n+1) dots, S, is equal to the length of the tape between 
first and last of these dots. The time taken for moving the distance 
is équal to’2n times the period of the timer. Thus the velocity, V, 
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А MIS 
bject at the selected d 
of the objec ected dot is > 


where T is the time-period 


of the timer. 

5. Calculate the K.E. of the body at each inis t usi 
formula K.E.=4 mv? where m is the mass of the LE mang the 

Also calculate the P.E. at all these heights for which К.Б. has 
been calculated by using the formula, P.E.=mgh where his the 
height of the object above the ground. р 

6. Compare the К.Е. with the Р.Е. at each dot. You may 
find that their sum is constant within experimental error. 


Notes: 

(i) Leave а few dots in the beginning of the motion, since 
they will be too close to each other and their analysis may be 
difficult. 


(i) After the body reaches the ground, mark a point on the 
You need it for finding the 


tare below the vibrator ofthe timer. М 
for various selected dots. But 


height of the object above ground 1 
your last dot selected for finding the velocity of the body must be 


n dots before it. 


Observations and Calculations : 


Time period of the timer=--------- seconds 
Height (h) Velocity 
Dot above S K.E. Р.Е. ^ mor n 
No. ground = 2nT E=} ту? Жул УЫ و‎ 
inm "ene in J in 
اج س ت | ا‎ 


NO f the body falling freel 
The sum total of KE and P-E of the nocy = LAE EEE 
under gravity i$ always found to be constant within experimental 
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error at any point during its fall. - Any increase in К.Е. i$ exactly 
‘equal to the decrease in Р.Е. and vice-versa. 


Precautions : 


1. Clamp the cud near the edge of the stool piaced on 
the table properly so that the paper tape after passing over the [ges 
rod hangs vertically. 


2. There should not be any drag on the paper tape as the 
body falls freely under gravity. 


Note. Results will not be very consistent because the accele- 
ration is large and there will be trouble due to friction. 


ORAL QUESTION; 
(Same as in Expt.l6). 
Experiment 19: А 
To study the conservation of energy of a ball rolling down an 
inclined plane (using a double inclined track). 
Apparatus : р 


Double inclined track, steel ball of about 2:5 cm diameter, two 


wooden blocks each about 2 ст high; two weights of 1 kg each ; 
spirit level. 


BALL 


stock" | zy бор. 
| | 
BEIM pagia, 
D B 
E 19.1. 
і Theory : 


Same as in Experiment 17. 
Procedure : 


1. First adjust the table horizontal. 
2. Keep the double inclined track on the table and press its 


central wings with the help of 1 kg weights (Fig. 19.1). Insert the 
wooden blocks under the ends of each track such that both are 
:agtined, ^ angle of inclination need not necessarily be equal. 


"eu 
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[You can also use flexible curtain rail as shown in Fig. 14.2 
as an alternative set up for this experiment]. =" 


3. , Release the ball from any point, A, say 50 cm mark on ће 

- right track. Notice the mark c upto which the ball reaches on the 

left track. Find the vertical height AB of the 50 cm mark from the 

table.. Also find the vertical height CD, the height to which the 
ball reaches on the left track. 


4. Repeat the experiment for various positions of starting 
point of the ball. 


Observations and Calcclations : 


Vertical Vertical 


Starting Reach of height of height of 
S No| Point A the ball on A above C above Difference 
on the the teft centre=AB centre=CD AB—CD 
right. track track С (in cm) (in cm) 


Result : 

Since ABCD within experimental errors 50 the energy of the 
ball rolling down an inclined plane is always conserved. Energy is 
being transformed from P.E. to K.E. and vice-versa with exact 
equivalence. 

Precautions т 

Same as in Experiment 13. 

ORAL QUESTIONS 

(Same as in Ехрї.16). 

Experiment 20: 

To study the variation. in the range of a jet of water by varytng 

1he angle of projection. 
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Apparatus : 

Rubber or PVC pipe, a nozzle to obtain jet of water, arrange- 
ment for water under pressure from the tap or tank; a measuring 
tape and a protractor. 


Note. A good venue for this experiment isthe garden at your 
school or home where the source of tap water and hose-pipe are 
available and you can throw a jet or water to various distances. 


Theory : 


.„. A projectile may be defined as a body which after having been 
given an initial velocity is allowed to move under the action of 


e ^w 
nd NS 
ao F © 
h N 
g \ 


Fig. 20.1. 


gravity alone. Imagine a body projected upward with an initial 

Speed V, at an angle 0 to the horizontal (Fig. 20.1). Its path isa 

parabola. At the instant t, the x-coordinate is the horizontal range 
The maximum horizontal range is realized when 0—45*. 


Procedure : 


. l. Fix one end of pipe to a tap. At the other end of the 
pipe, fix the nozzle and obtain jet of water. 


2: Put the pipe flat on the ground. Now raise the front 
portion of the pipe slightly so that the water projects at an angle 
say 15° to the ground. Notice the range of the jet of water. 

3. Now increase the angle of projection of water by 15°. 
Note the range of water jet. 

j 4. Repeat the experiment for four mọre inclinations—increas- 
ing each time by 15°. 


5. Plot the variation of range with the angle of inclination 
9f pipe. 


Fig. 20.2. 


HORIZONTAL RANGE 


GROUND LEVEL 


SOI 
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Observations and Calculations : 
Least count of the measuring tape=......... 


E E VV ———————À—ÀM— ee aL 


S. No. Angle оў pipe with the Range of water jet (R) 

ground (0) in degrees in metre 

p EE eee ee 
1. 15 
2: 30 
3. ۰ 45 
4. 60 
5 70 
6 80 


EE e E LICE ыт RE у^; жа, ҮН EA RE 
The graph of angle of inclination (8) of the pipe against the 
of the type as shown in Fig. 20.3 | 


range of water jet (R) is 


Ў 


RANGE (R):IN т —» 


iN DEGREES 
Fig. 20.3. 


ANGLE OF INCLINATION (6) چ‎ 


107 


Result : 

The horizontal range of water jet increases with the increase in 
angle of inclination of the pipe with the ground, becomes maximum 
when the angle of inclination of the pipe with the ground is 45^ and 
then starts decreasing as the angie of inclination of the pipe increases 
beyond 45*. The horizontal range is maximum when 0—45* 

The maximum horizontal 


Range (Rmag.)=........ m 


Precautions : 
1. Water under pressure is necessary to obtain a jet of water 
through a nozzle. 5 : 1 
2. Firstput the pipe flat on the ground and then raise the 
front portion of the pipe to get the desired angle of inclination of 
the pipe with the ground. 


URAL QUESTIONS, 


Q. 1. What is a projectile 1 | 

Ans. A projectile may be defined as а body which after 
having been given an initial velocity is allowed to move under the 
action of gravity alone i.e., it is no longer being propelled by any 
fuel e.g.,a javelin throw by an athlete, а: bomb released from an 
aeroplane, a bullet shot from a rifle, etc. ‘ 

Q 2. Name the path followed by.a projectile. 

Ans. A parabola. ; 

Q 3. What is horizontal range of a pr oj 

Ans. It is the horizontal distance covere 

Q 4. If a man wants to hit a target, 1" 
he point his rifle ? i 

Ans. He should aim at a point higher bs үг, pd SD 

5.' A bulle: is dropped from the same height an T 

the ip. time, another bullet is fired horizontally. Which one will 
hit the ground earlier ? esame ftt 

Ans. Both the bullets, will hit the grounc а HIS ith 
The horizontal velocity of. the second bullet does not ines os : 
the vertical velocity produced by gravity. The ноа ds iin 
pendent of each other. Therefore, although the p een] 
bulletis a parabola, yet the time taken by it to г 
will be the same as that of the first bullet. 


ectile ? і 
d by the projectile. 
what direction should 


Experiment 21: : ў Я 
To plot a graph ‘between the distance y ur kafe ae 
the centre of gravity and the time period of а ba p 
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(b) the radius of gyration of the bar about an axis passing 
through the centre of gravity and perpendicular to its plane. 


Apparatus Required : 


The bar pendulum, knife-edge for suspending the pendulum, 
metre.scale, spirit level and a Stop-watch. 


Description of the Apparatus : 


A simple form of compound 
pendulum designed by D. Owen in 
1939 is shown in the accompanying 

.figure 21.1. It consists of a metal- 
lic bar nearly a metre long, in which 
a series of circular. holes of nearly 
5 mm, diameter are bored at equal 
distances (nearly 2 cm), along its 
length. With the f help of these KNIFE EDGE |? 
holes the bar canábe suspended 
from a knife-edge and made to 
oscillate. The knife-edge is fixed 
ina platform Supported on three 
Screws; the hinder one of which is 
adjustable, thereby the platform can 

made horizontal. 
Formula Employed : 


The value of g can be calcu- Fig. 21.1. 


LEVELLING 
Sc 


PENDULUM 


lated from any of the following Bar pendulum, 
formula. 
4 3 
к= . (2k) (1) 


The minimum time-period To, and 2k (where k is the radius of 
gyration of the bar about an axis passing through its centre of 
Еау and parallel to the axis of Totation) can be read from the 
graph. 


ay hith, 
Also, 5—4. а 142) 
where T=time-period 


hyd-h3—length of the equivalent si 
Both these quantities can be read off from 
The radius of gyration can also be 


formula : 
k= h . h 
PRINCIPLE AND THEORY OF THE EXPERIMENT 


If the compound ! dulum be allowed to oscillate 
horizontal knife-eipe разы 


mple pendulum. 
the graph. 
calculated from the 


-(3) 


X € about a 
edge passing successively through each hole, and a 
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graph be plotted taking the periods of oscillation as ordinates arid 
corresponding distances of the axis of suspension from the C. G. of 
the bar as abscissae, a graph of the type shown below (Fig. 21.2) 
will be obtained : 


TIME FERIOD 


BISTANCE FROM CENTRE DISTANCE FROM CENTRE 
OF BAR OF BAR 
CENTRE FEN 


Fig. 21.2. 
T—h graph for a compound pendulum. | 
Now we know that the time-period T ofa compound pendu- 


lum is given by : 
[E 
T=2r . \/ ae 


where h is the distance of its centre of gr 
рео and К is the radius of gyration 
passing through the centre of gravity. 

When the axis of suspension passes through ш лче 
gravity, the periodic time becomes infinitely great.. - ‘ Scenes 
at an infinite distance the periodic time is again inni hich the 
quently there must be some intermediate position OTa Nn Shen 
Periodic time is a minimum. Now T will bea minimum 


avity from the point of 
about a parallel axis 


h is minimum. 


But Pici [Арс = ik? 4 2k 


This is clearly a minimum when k=h. 
Thus the minmum time-period 


Ty—2n Nd Va P 
From the graph, | T,—-OP Т0) 


апа 2k=AB 


Situated symmetrically about the time-axis. If T be the periodic 
time corresponding to these points, then 


T—2x N hs 
where T=0Q 
Ay=QC=QF 
M h=QD=QE 
-or hı +ha=CE=DF 
Again k=V his =V QC.QD 
=V QF.QE (4) 


From (1) and (3) we. can calculate the value of g, while from 
(2) and (4) we car obtain the value of k. 


[Note—An alternative method to find the mean value of g 
and k is as follows : 


(3). 


———— 


2 2 
The equation T—2x \/ Ы тые 


3 
qu m qam ka 
g g 


By plotting Т?Л against NE 


can be written as 


Curve (straight line) as shown in 


; Fig. 21,3. 
Fig. 21.3 is obtained. The slope of this curve ig given by 
4r? 
tan 9— — 
НЧ 
_ _4n® 
Hence 8 тап 6 


The intercept оп the x-axis gives directly t 


he value of кз whence the 
radius of gyration (k) can be evaluated. jm ^ 
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Procedure: . р 
. Ф) First of all make the knife-edge horizontal with the help 
of the levelling screw. provided with the platform and test the 
horizontality with a spirit level. Suspend the pendulum about the 
knife-edge from the hole nearest one end. Displace the bar 
slightly and release it so that it begins to oscillate ina vertical 
plane. Note the time with a stop-watch fora known number of 
oscillations* and from this calculate the periodic time. — 

(ii) In this way determine the periodic time of the bar when 
it is successively suspendedt from the holes. 

(iii) Now with the help of a metre scale measure the distance- 
of the positions of the knife-edge from the C. G.* ofthe bar. Then 
plot a graph between the periodic times (T) and the corresponding 
distances (Л) of the points of suspension from the C. G. of the bar. 

(iv) Join A and B (See Fig. 21.2). The line AB cuts the T- 
axis at P. The abscissa of P gives the position of the centre of 
gtavity of the bar. Draw any line CDEF perpendicular to the T- 
axis and cutting the curve in four points. C, Р, E and F. Measure 
QC and QF (the mean of which gives /11), QD and QE (the mean of 
which gives h), and also OQ (which gives the corresponding 
periodic time T. Then from the formula (3) given above calculate 
the value of g. à pa К 

Again, with the help of formulae (2) and (4) given above 
calculate the value of k, the radius of gyration of the bar. 
Observativis : 


Readings for the Measurement of h and T 


Least count of the stop-watch= ........- SEC 
Distance of 
No. hole form No. Time taken "uod 
of thc C. G. 0j (T) 
the hole (A) Oscillations P 
1 25 
Е esent sec 
25 : 
25 : 
: | 
| 
| 


*To facilitate the counting, of oscillations 


make a mark on the wall behind the bar) co! 
the pendulum, 


.. TAs the pendulum is made:to oscillate from 


centre, the time period increases. hence very m 

these positions. When the bar is suspended ота 
Я H i i О! M 

even be set to vibration, since its weight ntre of gravity of the bar. 


lancing the bar ора sharp wedge. 


fulcrum which now passes through the cei 
*Note the position of the C.G. by bal 


ncident with 


correctly, 


place a pointer (or 
the mean position of 


the holes which are near to the 


ions can be timed in 
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Calculations ; 
From the graph 
(i) { ОС=......... cm 


Also 
, ==.......сш/вес* 
(ii) 2k=AB=......... cm 
To=OP=......sec 
2k 
g=4n' . T 
е 7 cm/sec? . 
(iii) k=V h ha 
zT cm 
Also k=} AB-......... cm 
Result : 


he graph depicting the relation between the time-period (T) 
of a ULM BESOIN and the distance (A) of the point of sus- 
pension from the centre of gravity is attached herewith 

(i) The radius of gyration of the bar about an axis through 
its centre of gravity and perpendicular to its plane-......... cm 

` (ii) The value of g at...... m 


CUR M cm/sect 
Precautions and Sources of Error: 


l. Before starting the experiment make the knife-edge 
horizontal. This adjustment will keep the pendulum oscillating in 
a vertical plane, and secondly the bar shall not tend to slip off the 
knife-edge during oscillations. 

2. In the theoretical deduction of the formula it has been 
assumed that sin 0—0 where @ is the angular. deflection of the 
bar. Hence to Satisfy this condition the bar should not be dis- 
placed more than 5? from its mean position. 

3. To get Very exact points on the curve in the vicinity of. 
‘the minimum period, the time Should be observed Very carefully. 
Try to note the time for 100 oscillations except for points very 
close to the centre of gravity of the bar, where, due to large time 
periods, few oscillations can be timed. 3 

4. Before taking observations see that, 
oscillating in the vertical plane only, and that 
motions, if any, have subsided. 


the pendulum is 
all other irregular 
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5. The curves on the graph should be smoothly drawn. 

6. The manner of observing the .oscillations is far from 
satisfactory ; secondly the time period has not been corrected for 
(i) finite arc of swing, (ii) air effects, (iii) curvature of knife-edge, 
and (iv) yielding of support, hence the result is not free from errors 
due to these causes. 


ORAL QUESTIONS 
(Also read Oral Questions in Expt.16) 


О. 1.. What is a compound pendulum ? 

‘Ams. A compound pendulum is just a rigid body capable of 
oscillating freely about a horizontal axis.passing through it. ; 

Ф. 2. If any rigid body can serve the purpose of a compound 
pendulum, then why this particuiar shape of your instrument (bar or 
metre scale) ? : : 

Ans. There is one serious disadvantage of a compound 
pendulum. Due to its vibration. some air is dragged with it, thus 
increasing its effective mass and hence its moment of inertia. But 
it has been. shown by Bessel that if it be of a form symmetrical 
about the centre of geometrical shape," this error is automatically 
eliminated. This is one of the reasons of using a compound pendu- 
lum in tbe shape of a bar ora metre-scale. 

Secondly this bar or metre-scale has been provided with | 
circular holes situated at equal distances on either side of its centre 
of gravity. By slipping any hole on to a horizontal knife edge, the 
bar can be made to oscillate about it in the vertical plane. Thus we 
can study the variation of the time period with the distance of the 
axis of rotation from the cente of gravity of the bar. 

Q.-3. Dues the time period vary? How does it vary ? 

1 Ans. Yes. It does vary. The time-period of the pendulum 
is given by the formula 


T=2n Jt +h 
h 
& 


where k is the radius of gyration of the bar and / is the distance of 
the point of suspension КОШ the centre of gravity a the bar. . і 
Thus if a graph. is plotted between T and h, its nature is as 
shown in Fig. 22 It A clear from the graph that there are two 
values of / on either side of the C.G. which give the same value of T. 
Q..4. Explain what will happen if the pendulum is made to 
oscillate about its C.G. ? 
Ans Inthe formula for T if we put 10 (since the axis of 


rotation passes through the C.G.), the time-period assumes an 
fiat the centre of geometrical shape of a 


*Students should bear in mind t К 
body is not the same thing as its centre of gravity- 
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infinite value. This can also be visualized from the fact that under 
this circumstance the weight of the Pendulum has no component 
about the fulcrum, hence it cannot be set into vibration, or, which 
is the same thing the time-period becomes infinite. 


: Q. 5. So, according to you, there are two points on e, 
of the C С. about which the periods аге equal. 
these points, 


ither side 
Name and define 


Ans. One point is known as the centre of suspension, which 
can be defined as that point at which the axis of rotation (or the 
fulcrum) intersects the plane of oscillation of the pendulum. 


The second point, known as the centre of oscillation, is a point 
situated on the other side of the C.G. and lyi 


ying on the line joining 
the point of oscillation to the C.G. and distant E from it (the 
C.G.). 


О. 6. Now tell mé one thing. When g can be determined with 
a simple pendulum, what is the advanta 


ge of using a compound 
pendulum ? 

Ans. There are several reasons for this : 

(i) Whereas a simple pendulum is just an ideal conception, 
- not realisable in actual practice in the case of 


[ а comround pendulum 
the length of an equivalent simple pendulum and hence the value of 
8 can be easily and accurately determined. 


(ii) The compound pendulum vibrates as a whole, there being 
n0 lag between the bob and the string. 


(iii) In the case of a compound pendulum, the length to be 
measured isclearly defined and hence can be casil 


j » more or less indefinite 
Points, and hence its true length can hardly 


accurately determined. 

(iv) Since the compound pendulum has a large mass, it conti- 
nues to vibrate for a long time, 
mined with sufficient à 


pendulum. 


j (v) In the case of a simple pendulum, the. strin “Sigh 
slackens at the extremity of its vibration, but the СОРОС, Я Аш 
lum being a rigid body, no such thing happens on this base 

Q. 7. So it means that this is an ideal. pendulum and there 
аге no sources of, error іп your experiment. 15 it not? 
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Ans. No, this is not the meaning of the statement. There 
are several sources of error in this experiment. 


Q. 8.- What are they? ` 


Ans. (i) Finite Amplitude of Swing. „The expression for 
the time-period has been obtained on the assumption that the angular 
displacement of the pendulum is vanishingly small.. This is far 
from truth in actual practice. ' ; 


(ii) Air Effects. The presence of air in the medium in which 
the pendulum swings affects its vibrations in three ways’: 


Firstly, due to the buoyancy of the air there is a slight decrease 
in the weight of the pendulum, thereby affecting the time-period. 


Secondly, some air is dragged alongwith the pendulum: This 
increases the effective mass of the pendulum, thereby increasing its 
moment of inertia. 


Thiräly, due to the viscosity of the medium, the motion of the 
pendulum is resisted. Consequently its time-period is affected. 


(iil! Non-rigidity of thé: support. Due to a force being 
applied by the vibrating pendulum, the support may yield. This . 
Will Obviously affect the time-period of the pendulum. 


(i i knife edge is not 

(iv) Curvature of the knife edge. If the fe edge i 
quite sharp but rounded, an error is introduced in the time-period. 
during experiment. This 


(у) Change of temperature sth of the pendulum, 


results in а corresponding change in the len 
and hence in its time-period. 
ce of these sources of 


Q.9. It means that due to the presenc ез 
error, the value of g cannot be accurately determined. Is | Bias 
| Ans. No, this is not exactly 50. T pepe 
“these causes have been theoretically studie By applying these 
formulae have been deduced for the sam ed "i 
corrections accurate value of g can be obtained. 

Q. 10. АП right, How will you find the value of g from 
these observations 2 ; h (Fig. 21.2) and 

4 d h (Fig. 21.2) an 
Ans. I will draw a graph between T an i 
Shall get two curves of this type. Т Mer Lar aM Mir. 
line CDQEF, From this I shall read fy (= iod T, I shall 
(QD or QE). Noting the corresponding sees Á 
Bet the value of g with the help of the formula. 
1 ©; 1L Is there any other way of calculating g with this 
graph? 
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Ans. Yes. If we note the minimum time period То, then 
2 


g= E 2k where 2k is the distance between the two minima 
Б 


points lying оп the two branches of the curve. 


Q: 12. Can you get a straight line graph-with these-readings ? 
Ans.. Yes. The formula for the compound pendulum is 


4z? 4x3 
TAH 37 рар 45 ps 
h = шлу k 


4n 4ni 
or сш ULP A 
» [4 i 8 


which is of the form y=mx+c: Thus by drawing a graph bet 
Th and hh we get a straight line (Fig. 21.3). К есеп 


Q. 13. Can you get the value of g апа k from this graph ? 
Ans. Yes. The slope 0 of the straight line is given by 


tan 0— 205 


. From this g can be calculated. Again, the intercept of ` 
this line on the x-axis gives k? and hence k. 


О. 14. Explain in а simple manner what do you undcrst 
from the expression “Moment of Inertia of a body" ? Y ала 


Ans. Every body maintains or tends to maintain its state of 
Iest or of uniform motion ina straight line. If we wish to change 
this state, the body offers a kind of passive resistance to the agent 
moving it. This’ passive resistance ‘or inertness of bodies is called 
Inertia and is proportional to the mass of the body. This is the 
case of a translational motion. In the case of a rotatory motion 
however, the resistance offered by a body does not depend sinipl у 
on its mass. The sluggishness of a rotating body is called rotationel 
inertia or moment оў inertia. Unlike the simple inertia of a bod 
undergoing a motion of translation, the rotational inertia И 
upon the total mass of the body and the distances of various por- 
tions of the body from the axis about which the body rotates, EN 


Thus, in rotatory motion the quantity known as опер 
inertia plays the same role as mass does in a translatory motion, 


Q. 15. How is the moment of inertig mathematically ex- 
pressed? j 


f Ans. If‘m’is the mass of the particle whose distance rrom 
the axis of rctation is r, then moment of inertia of the Farticle is 
measured by the quantity mr?. Hence ihe moment of inertia of 
the whole body is expressed by Zmr?. 
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: Ф. 16. What is the significance of the symbol X (sigma) used 
in the expression Z mr? ? 

Ans. The symbol Z (sigma) stands. for summation of 
quantities. If the particles constituting the body have masses mı, 
Ma, Tîa,...mn . and their corresponding distances from the axis of 
rotation be г, rs, rs--.re, then the moment of inertia of the body is 
equal to the sum of the moments of inertia of the constituent 
particles, that is i 

I=mr -m,rgH «ETAT 
which can be (abbreviated as) 
= mr? 


Q. 17. What is the significance of the words “Moment of 
Inertia” ? i 
, | Ans. A rigid body is set rota 
simply “the moment of а couple". Thi 
passive resistance which is known. as 
body. This should also be a torque, 
counteract a couple. It is for this reason t 
is designated as ‘Moment of Inertia’. 

. 18. Сап you give a clear cut definition of Moment of 


Inertia 1 : 
В Aus. Yes. The moment of Inertia of a body about an axis 
is the sum of the products mr? taken for all the partic Jes composing 
the body, where m is the mass of a particle, a abd 
from the axis concerned. 
Q. 19. Is there any other 
Ans. Yes. There is another Wi 
Inertia and T be the angular accelera! 


deflecting couple *C' is given by ` 


ting by a ‘torque’ which is , 
e body, in its turn, offers a 
the ‘Inertial reaction’ of the 
since only a couple can 
hat this inertial reaction 


way of defining moment of Inertia ? 
ay. If I be the moment of 


tion of the body, then the 


C-I. а 0 from which we get the definition. 
n 
А c i bout an axis is equal to 
"The moment of Inertia ofa body а | 
the тшеп of the couple required to рое unit angular 
acceleration in the body about the ax! of rotation”. Y 
rotational motion is the 


©. 20. The moment of Inertia P "Now since the mass ‘m’ 
counterpart of mass in translational тоф, hould also be a constant 
is constant, so the moment of inertia Ts з 


Quantity. Is i 01 Give one example. е 
f ere The moment of inertia of a 


, Ans. ; iti the саѕе.. TT ducam 
body is ERR: ie manner in which the mass 1s distributed 
about the axis of rotation. 
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| For instance, the moment of inertia of a cylinder about its 
Own axis is 3Mr?, while the moment of inertia of the same cylinder 
‘ about an axis passing through its middle-point and perpendicular to 

Y E 9d {pike ie } . 
its axis is м[ 12 + 4 
Q. 21. When will the moment оў Inertia of a body be mini- 
тит? . i 

Ans. The.moment ot inertia ofa body will have a minimum 
value when it rotates about an axis which passes through its centre 


ў of gey and which is normal to the smallest cross-section of the. 
yt : 


Q. 22. What do you mean by the term, “radius of gyration” ? 


Ans. It is defined as the distance from the given axis of 
rotation to the point where the mass of the body , may be supposed 
to be concentrated so that it has the same moment of inertia as it 
Possesses about the given axis. : 


3 For instance, if the moment of inertia of the body be expressed 
in the form MK? where M is the mass of the body, then K is known 
as the radius of gyration. 


Q 23. What is the radius of gyration of the regular body 
(Dise) ? 


1 Aus. The disc is rotating about a normal axis passing through 
Из centre. Under this circumstances, its moment of inertia is equal 


Mi 2 
to = 50 that the radius of gyration of this disc is mes 


Experiment 22: 


To Jind acceleration due to gravity with the help of a ball rolling 
down 2n inclined plane and by, applying the correction for rotatory 
motion. 
Apparatus : 


. Double inclined track, steel ball of about 2:5 cm diamet 
wooden blocks {2 ст high), 2 weights of 1 kg each, Bon watch 
and ciean cotton cloth. 


Theory : 


If the motion of a body involves translation as well as rotation 
-then the sum of its potential energy, kinetic energy of translation 
_and kinetic energy of rotation is conserved provided energy is not 
lost in overcoming friction. ар 


The acceleration of a body rolling down an inclined plane js 
less than g sin 9, as its Р.Е. is converted partly into rotational K.B. 
god partly into translational K.E. 


NS DOUBLE 
7726 NCLINEB 


TRACK 


| WOODEN. 
1 BLOCK 
1 


WEIGHTS 
Fig. 22.1. 


Procedure : 


l. Putthe inclined track on a table and keep the weights of 
1 kg on the wings on either side of the middle of the-track. Insert 
the wooden blocks under the ends of cach track to incline the tracks 
(Fig. 22.1). х 

Release the steci ball from, say 50 cm mark on the left track 
and notice the mark upto which it reaches on the right track. Now 
release the ball from the same mark (50 cm) from the right track 
and notice the mark upto which it reaches the left track. If the 
inclinations of both the tracks to horizontal is ‘same then the ball 
would rise to the same mark on both tracks on releasing. Suppose 
the ball rises to smaller length on the right track in the former trial, 
it indicates that the inclination of the left track is less than that of 
the right track. If this is the case then push the block under the 
left track а little towards the centre. Repeat the above procedure 
till the inclination of both the tracks to horizontal is the puma 3 

While rolling, if the ball wobbles laterally during its Journe 
from one track to the Se adjust the weights in the centre of the 
track laterally till there is no wobbling. The wobbling happens 
if the bail has to bend slightly to left or to right while moving from 
Опе track to the other, in the centre of the tracks, i.e., if the two 
tracks are not in the same vertical plane. r 

2. Now hold the ball near the end on one of the arms. Note 
the distance d, from the centre at which you will release the ball. 
Then release it and simultaneously start the stop-watch. As the 
ball moves to and fro, note the successive distances dy, ds, дъ 
from the centre upto which it ascends (after each complete оѕсШа- 
tien) on the arm on which it started. Also keep a count of the 
number of oscillations that the ball has made. After, say, 4 
oscillations of the ball, when you note the last distance d, upto 
which the ball ascends, simultaneously stop the watch. The last 
distance of ascent should not be less than 2/3 of the starting 
distance. Y i 
3. In the first oscillation, the ball makes two upward and twe 


downward journeys and moves a total distance 2 (d,+d,) + 
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explained in Fig. (22.1). Therefore, in 4 osciliations, the ball has 
made 8 upward and 8 downward journeys, i.e. a total of 16 journeys. 
Find the mean distance, d, moved by. the ball in one journey, which 
is (in case of 4 oscillations) 


d= (de E24, + 2d, 2d; di) 
EE EE 


4. Findthe mean time, T, taken by the ball for one journey 
up or down the track by dividing the total time by the total number 
of journeys ie., 16. Then calculate, a, the acceleration of the ball 
along the track : . 


24 
EUH: 
5. Repeat the experiment ten times. In each case, find the 
acceleration. Then find the mean of the several values so obtained. 
6. Ifr be the radius of the ball and & is its radius of gyration 
then acceleration is given by the relation 


ri ino 
=ar g sin 
This acceleration is less than g sin0, the acceleraticn of a 
frictionless trolley moving down an inclined plane having same 
angle of inclination., It'is due to the fact that the work done by the 
component of gravitational force along the direction of motion is 
partly converted into kinetic energy of translatory motion and 
partly into kinetic energy of rotatory motion of the ball. 
For à solid sphere, k2=0°4 r* ` 
a(kî+r 14a 
r'sin0 < sinê The Че 
7. 10 determine the inclination sin 6, mark two.points. А and 


Conthetwo arms (Fig 22.1). Measure vertical heights AB and 
CD. Also measure distances of А апі C from the centre, where 


. height is zero. _ Find the two inclinations AR. and E with res- 


pect to the table and find their mean. If the table is not horizontal, 
this mean value gives the correct inclination of each arm of the 
apparatus with respect to the horizontal plane. í : 

Since the heights AB and CD are quite small in this expeti- 
ment, the best way to measure them is as follows : 


Take a metallic block. Without disturbing the blocks which 
make the two arms inclined, find by trial and error where does this 
metallic block fit below each arm. The two rositions of the 
block give the lines AB and CD. AO and. СО are then 
measured by markings on the inclined tracks. АВ and CD are 
equal to height of the metallic block which may be measured by a 
Vernier callipers. Find several pairs of values by using metallic 
blocks of different heights and find their mean. A 


Therefore, Р g= 
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Observations and Calculations : 


MDTCEVR SORS RD CE EE ee ا کک‎ ЕЕ 


Distance of ascent on the arm 


S. No. Number of oscillations . en which it started 
completed by ball j (cm) 
- LM | oe UE e 
1. 0 : a= 
25 1 а= 
3. 2 d= 
4. 3 J dy— 
5. 4 d= 


SECA E NN EEN 
Total time for 4 oscillations=t= .........SC 
Mean time for one oscillation 
=T= zd 
Mean length of а single motion — ~ 
а (ded 24 4 td 
EIE 8 
=... 
Acceleration of the ball 


Distance of Inclination to 
Mean Inc. 
Height of | upper edge 1 
5; No.l the block from centre | Inclination Inclination oru 
(cm) (ст) 
Inclination of left arm 


Inclination of right arm 
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Mean Inclination to the horizontal 
Sn 0— 5. 
Acceleration due to gravity _ 
1'4 a 
sin Ө 


eg 


0055 Cms 3$ 


- Result : 
Acceleration due to gravity 
nn Mi cms? 
Value of acceleration due to 
gravity at.........from tables-.........cms-? 
96 error— 
Precautions : ` 


,l. The track must be clean. Only then it will te possible to 


Use a small cotton swab moistened i 
' carbon tetrachloride) for Cleaning it. . 


* The inclination of both the tracks to the horizontal is 
required to be the same. 


3. The ball should not wobbic laterally as it moves from one 

track to the other, ` ; 
ORAL QUESTIONS 

(Same as in Ехрі16 and Expt. 21). 

Experiment 23: ; 
. . To find the acceleration of a freely falling body using a ticker 

time and a tape, 
Apparatus : 


Ticker tape, timer, glass'rod or tube or pulley for paper tape 
d aei Over it, an object of mass about 100 g of iron (or brass) 


h can be easily suspended by the tap. 
Theory : 


п an , organic solvent (e.g., 


Due to gravitational attraction of earth, any Object when 
allowed to fall freely moves vertically down with the same accele- . 
ration. irrespective of its Size and material. This acceleration, 
known as acceleration due to gravity, is uniform for experiments оп : 
laboratory scale. nn 


Procedure : 


... 1. Set up the apparatus as explained in Experiment 18, 
Initially keep the body (100 8) hanging at rest by pressing the tape 
into the open portion of the ticker timer by the thumb. Start the 
ticker timer and release the body to let it fall to the ground. 
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; iy equally spaced in 
2. Select 4to 5 dots on a tape, roughly equa aedi 
time, and find the vélocity of the body at each of Hd exp 4 
in Experiment 18. Also find the time at which the oO nas 
each of these dots, taking the origin of time at the first о ү 
3. Plot a velocity-time graph for the motion of the UN 
4. Find the slope of the graph to determine its acce 


` Observations and Calculations : 


Time period of the timer = ......S8C 
о Time period of the timer. 


з 
; Velocity Ve 7 
Time when the body 21 


= 

reached the selected dot (in ms ^) 

j culi =. 
Tue cr SUC a 08 


S. No. of dot selected 


E ENSE INNER ee ИЕ се T А 


Slop of the graph 47 


[6] T— > 
Fig. 23'i, 
Result : : ni =... 
“The acceleration of the given freely falling body f 
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Precautions : й 
1. Leave а few dots in the beginning of the motion since they 
would be too close together and their analysis may be difficult. 


2. Notice the dot just before the object hits the ground. 


Discard the dots if any marked on the tape after the object touches 
the ground. 


д 3. Clamp the ticker-timer near the edge of the table properly 
ET that the paper tape after passing over the glass rod hangs verti- 
y . 


4. Thereshould not be any drag on the paper tape as the 
body falls freely under gravity. 


ORAL QUESTIONS 
(Same as'in Experiment 6) 


| 110125 
h SECTION E j 


Experiment 24 : 


To study a Fortin's barometer and to measure the atmospheric pressure. 
at a room temperature at a place. 


y Apparatus : 
| (1) Fortin's barometer (2) A thermometer @) Plumb line. 
| Тһеогу: 
(i) Pressure = H, dg dynes/cm? where 
Н. = corrected barometric height 


. d= density of mercury =13.6 gm/cm? 
| апа g = Acceleration due to gravity. 


LONG GLASS 
VACUUM TUBE 


VERNIER SCREW 


BASE 


VERNIER SCALE MAIN. SCALE 


PLUMB LINE THERMOMETER 


METAL COVER 


RESERVOIR IVORY POINTER 


CHAMOIS 
LEATHER BAG 


SCREW HOLE : 


E Fig 24-1. Fortin's Barometer 
(ii) 0 Ho = H; (1—(yY,— o)t] 2 
cs Н; = Barometer reading at UC. 


—_<__<_$<§£__C ыы = 
140 


Н. = Barometer height i.e., the height of mercury 
column giving the atmospheric pressure at 0°C. 
& = Coefficient of linear expansion ofthe material of 
main scale. 
Үг= Coefficient of real cubical expansion of mercury. 
s t= Room temperature í 
Now © = 0.000018 for brass 
Yr= 0.00018 for Mercury 
5, Ho = H, [1—0.0001621] 
Procedure : 


(1) Find the vernier constant of the vernier: 


(ii) Adjust the base till th 


€ points K and N of the plumb line 
. the same vertical line. 


are just in 
(iii) Adjust the screw ‘g? by raising or lowering it till the surface of the 
mercury in the reservoir is ju ў 


st touching the tip of the i int 
P C р € ivory pointer P as 
= ч A $ 
(СОВАЕСТ) (WRONG) (WRONG) 
- Fig. 42, 


Examine the coincidence b 


y viewing the reflection of the point P at the 
mercury surface. ] | 


(v) Take the main scale reading and the vernier reading and repeat the 
observation a number of ti 


| mes. The mean gives the atmospheric pressure 
in terms of the height of the mercury column at the room temperature, 


E i d 


(CORRECT) (WRONG) (WRONG) 
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(vi) Note the room temperature with the help of the thermometer fitted with 
the barometer tube. Apply the correction and find the value of Hone: the 
barometer height at 0°C. 

Observations and Calculations.: 
No. of divisions per cm on the Main Scale=m=.....:... 


No of divisions on the vernier scale=n= 


ce tes 


~ Vernier constant— 


=.. .. ст 
(a) Atmospheric Pressure 


Room temperature (f}=......°C 


Fortin’s Barometer Reading У 
H,—Height of Hg 
column at t°C 


‘Main Scale Vernier division| Vernier =()+(2) in ст 
S. No. | Reading coinciding Value 
(1) cm (1) in em 


2 | 
| 
х | 
А. E 
Mean Height Н; of Mercury column=..... ..cm 
Now Н,= Hz [1 —0°000162 1]=-.-..---: cm. 
. Atmospheric Pressure at 0°С=Р,= Но dg=:--dvnes/cm? 
Result : 
Atmospheric Pressure is 
“е cm of Hg column at 0°C 
=. dynes/cm? at 0°C 
E N/m? - ' 
testes (Place of exrerime: 1) 
' Précauti on......... Date of experiment; 
autions : 


| The barometer tube must be vertical. 


2 The surface of the mercury in the bag shculd jrst tc uch the 
tip of the pointer in the bag. 
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3. Thelower edge of the vernier scale should just appear to 
touch the upper-most portion of the mercury surface. 


- 4. The eye must be at the same level as the vernier scale. 
Sources of Error ` 
1. The space above mercury is not complete vacuum but 
contains vapours of mercury which exert a very small pressure. . 


2. Any change in the room temperature changes the density of 
mercury which in turn affects the observation. 


Exercise 


Q.1. To find the height of the water barometer tn the 
laboratory ? 
Hint : Height.of the water barometer—Hox 13:6 cm 


ORAL QUESTIONS 


Q.1. What is Atmospheric Pressure ? 


Ans. The air has its own weight and so exerts a pressure. The 
amount of this force per unit area exerted by the atmosphere is 
called the Atmospheric Pressure. It is measured in terms of mercury 
column that this pressure can support. Normal atmospheric pressure 
is 76 cm of Hg. 

О. 2. What ts the unit of Pressure ? 


Ans. Its unit is dynes/cm* in C.G.S. systeni and newton/metre® 
in the S.I. system. 


Q.3. Why is the atmospheric pressure expressed in terms of 
length ? . А 


Ans. As the pressure=h d g and as'd' and 'g' are constant, 
therefore, pressure oc h. The height is, therefore, taken as a con- 
venient measure. ч 

О. 4. Why do you use mercury ina barometer ? Can we use 
water ? $ 

Ans. We use mercury because itis the heaviest liquid and 
hence the length of the barometer is conveniently small, about 

cm. 

We can.use water also but since mercury is 13°6 ti i 

É imes 
than water, the height of water barometer will be 76x RS SEPA 
approximately which will be very cumbersome. Besides this, mer- 
ситу exerts very small vapour pressure. · ^ 


Q, 5 Why should the surface of the mercury be adjusted to touch 
“Ivory Point" in a Fortin's Barometer ? 


Ans: Ivory point represents the zero of the vertical main Scale 
and the:surface of mercury has to be adjusted to zero level to teke 
the correct reading. 
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Ф. 6. Is the pressure the same in every direction ? 
Ans. Yes : the pressure in different directions at the same level 
їз the same. Н 

9. 7. State Pascal's Law. Lage 

Ans. Pressure applied anywhere on a confined liquid is trans- 
mitted equally in all directions. , j 

Q. 8. Jf the Barometer iube were wider, will there be any change 
in the height of mercury column ? bk 

. Ans. No; the shape of the tube has no effect upon the vertical 
height of the mercury column supported in the tube. ; 

Q.9. Ifthe Barometer tube ‘were inclined, will there 
change in the height of mercury column ? hich is a 

Ans. It isthe vertical height of mercury column itle the 
mcasure of atmospheric pressure. If the tube is inclined a vertical 
space above the free surface of mercury decreases, but its 
height remains the same. гай 
О. 10. Do you know any barometer which does not contain 
liquid ? : 

5 i d por- 
| Ans. Yes; Aneroid Barometer—a more convenient ап 
table form of barometer whose reading is not affected by any change 
in position. 

О. 11. Which barometer will you car! 
its height and why ? 

Ans. Aneroid Barometer. The Апе 
to find height attained by an aeroplance is 
Ң It is very compact and portable and is V 
in atmospheric pressure. Hh a barometer? 

Q. 12. How do you forecast weather changes with a ian m 

Ans. (i) A falling barometer indicates the СО doni) being 
storm because the moist air is lighter than dry ай, 

0:62 times as much as that of air. d 

(ii) a steady barometer indicates settled weather, e 

(iii) a rising barometer indicates fair and dry wea "iei: 

р Q. 13. What do you understand. by the statement that the. 
Phere pressure is 76 cm of mercury 76 cm 
X Ans. It is the pressure exerted Буа Pom a bab as 
in height at 0°C at sea-level and at latitude 45°. be the standard for 
the pressure of one atmosphere and is taken to 
comparison, 


[ШЕ standard atmospheric prex 13:6x981 dynes/cm? 


be any 


ry in ап aeroplane to know 


roid Barometer when used 
known as Altimeter. 
ery sensitive to changes 


or { в imt 
i —1:013 X 10° dynes/cm 
|e Normas Atmospheric LO 10e N/m" 
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О. 14. Does the atmospheric pressure change as one moves up in 
the atmosphere ? If so, in what manner 2 


Ans. As we go higher into the atmosphere. the pressure de- 
creases For some altitudes, the fall in the atmospheric pressure is 
about 0:25 cm for every 270 metres ascent Thus.a barometer, 
which reads 75 cm- at sea level will read 74°75 cm at 270 m above 


sea level. After a few hundred metres, however, the fall in pressure 
is not regular 


О. 15. What will happen: if a hole is drilled at the top of the 
barometer tube. 


Ans. Mercury column will not stay in the barometer tube 
Experimert 25. \ 
To. measure atmospheric pressure and study the variation of 


volume of a sample of air with its pressure at constant temperature. 
Also use the study to find the atmospheric pressure. 


OR 


To verify Boyles L Sor a gas dnd use it to find the atmospheric 
pressure. : j 


Apparatus : 


Boyle's Law. apparatus, Fortin's, Barometer, Thermometer 
plumb line and Set squares. 


Theory : Ф 


According to Boyle's Law, “Temperature remaining constant, 
the pressure of a given mass of a gas is inversely proportional to its 
volume", 


Pat 


or PV=constant (provided-the temperature T is constant) ; 


so if a graph is drawn between P and V, it will be found to be a 
. rectangular hyperbola ' because PV —constt. is the equation for it but 


the graph between P and Y will Бе a straight line. 


But V=a l where / is the length of the air column and ‘a’ i 


is 
the arca of cross-section of the tube. 
"m P a.l=constt. 
As ‘a’ is constt ; therefore, P/=constt. 
or | - Pi, =P,/,=P,/,;=..-...-=constt. 
or - P x 


.. Graph between P and H will be a straight line, 
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» 
Fig. 25.1 Boylc's Law Apparatus 
Procedure : $ 


indit id ant of Fortin s. Barometer. With the 
he Vernier constant © ere Ба ТЕШЕТ) 


ОЕ 
help of the screw provided - з bottom en 
adjust the mercury e the E ҮШ the mercury level, touches 
the ivory head in the cistern, Hold cye in front of the mercury level 
in the tube. “Slide the vernier till zero of the Vernier just touches 
the mercury level. Read the mercury level on the scale. It gives the 
atmospheric pressuré (H), à 


2. Note the room temperature by the thermometer provided 
by the barometer. If not provided, use another therniomet 


3. Set the Boyle's Law apparatus vertical with the help -of 3 
plumb line and levelling screws. Make sure that the reservoir B can 
be raised or lowered freely along the vertical board. 


4. Slide the reservoir B along the vertical scale so that the 
mercury stands almost at the same level in both the tubes and it is 
nearly in the middle of the tube A. 


5. Take the reading at the top end M77 TK 
of the closed tube at M with the help of - І | 
а set square setting one of its edges N- Y 


parallel to the vertical scale and the other, | 
tangential to the curved surface. Take an- j 
other reading of the closed tube at the CLOSED. 

Point N (Fig 252) where the curvature TUBE A ¥ 
Just ends. Find the difference MN and 2 
calculate the correct reading of the top of 

the closed tube A by subtracting} MN MERCURY 

from the reading at M. Also take the 

reading of the mercury level in the tube 

A. The difference between the two read- 

ings gives the effective length of the air 

column (/) which is proportional to the 

volume of the air enclosed. Thus find out 

the volume ‘V’ in each observation as ex- Fig. 255, 
plained above. Я ч 


6. Raise the reservoir B till the level of mercury in B 
becomes hivher than that in A. Note the reading of the yr 
meniscus of mercury in both the tubes and find the difference 
between the two readings. Let it be ‘A’. In this case the pressure 
of the enclosed air in the closed tube A is higher than atmospheric 
pressure Н i.e., (H+4) and hence ‘J’ is taken to be positive. 


Take two more observations by changing the position of the 


reservoir B such that the level of mercury in B ae hi 
that in A. rcury in B remains higher than 


Thus in all take six observations, 

7. Take the barometer reading again at the end of the 
experiment, Also note the room temperature at the end of the 
experiment. 
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| 8. Multiply the pressure P=(H-+A) of the gas with its res- 
| pective volume ‘V’ and show that the product PV —constant in each 
case and hence the Boyle's Law is verified. 


9. Plota graph between P and V, taking P along X-axis and 
‘V’ along Y-axis which will be a parabola (Fig. 25.4). 


Find Û for different observations and draw afgraph between 


P and E which is a straight line (Fig. 25.3). 


d 


Scale 
X-axis = 1 Small Division = 0.5 cm 


-1» 5 
Y-axis = 1 Small Division = 0.0005 (em) 
о Р (in cm of Hg)-* 
F3,:253. 
9v 
^ Seats 3 
cE X- axie : 1 Small Division = ..... om of Hg 
Б . Y,- axis ; 1 Small Division = ..... em? 
G 
> 
p (in cm of Hg) > 
Fig. 254. 
Observations and Calculations 


Róom temperature at the beginning of 
the €: 


134. 


Room temperature at the end of the 
x experiment .-.-..*C i 
сш of Hg 


Barometer reading in the beginning— ] Hi 
Barometer reading at ‘the end =H,= ag cm of Hg 
. Mean barometric reading- | =H = Bm 
ЕЕ cm of Hg 
Reading at the top end “М? of the closed tube 
| =x=... itm 
Reading at the point *N' where the curvature ends 
ie my. cm 
Difference . =MN=(x—-y)  -...cm 


Correction to be applied — —j MN 
=—{ (x—y)=......cm 
Correct reading at the top end 


M-x-—4(x—y)- 1—......cm 
Reading at the levels d : Volume of 
те їп. 
No. of Ку Difference а; І Pressure оў 
obs, Taichi em vi sas. 
tube B fube A (cin) (V. сс аў]. P=H+h 
(D) ш) 


tive length) | {cin of Hg) 


(em) (cm) 
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Atmospheric Pressure : 


(a) Graphically ; 

Producethe straight line 
obtained from the graph bet- 
ween difference */ in the mer- 
cury levels of the two tubes A 


and B (Fig 25.1) and Y so as 


to meet the Y-axis at ‘C’ asin Š 
Fig. 25.5. Note the readings М 
of the’ pressure OC ‘at this 
point which is atmospheric 


pressure. 
Theory : A Y : 
(HA) V—K (constt.) : Fig. 25:5. 
vor H+h= x 


But at се or (H-+h)=0 
or He-—h 


(b) Mathematically + ; - 
The atmospheric pressure, ‘H’ can easily be determined from 
any two different observations. For differences, of mercury hen 
hy’ and ‘hy let the.correspond»ag gas volumes be Vijand Vs: 
from the relation. 735 The most 
(Hh) Vi-(H-Elg) Va; Н can be calculated. The mos 
important pre caution 3l this experiment is that V, and M. RIS 
differ by at least 3 cm, Тһе smaller the difference, the greater ће. 
percentage error. ` : Low 
Result : : | 
(i) Within the limits of experimental errors, the products PV 
are seen to be constant. This is Boyle's Law- 
(ii) The graph between P and V is found do 
d + is a straight line. These 


be a rectangular 


hyperbola and the graph between P an 
ation of Boyle’s Law. 


two graphs also demonstrate the verific 1 
(date) at... (time) and 


(iii) The atmospheric pressure OD: 
5 y umm e cm of Hg (By graph! 


=й cm of Hg (By саїси!"*' е 
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Precautions : i 
1. The apparatus should be vertical. 


2. The mercury should be clean and should not stick to the 
sides of the tubes. . 


3. The position of the upper end of the tube A should remain 
fixed during the experiment. 

4. Upper meniscus of the mercury should be read keeping 
the eye in level with it. 


5. The mass of the gas in the tube A should not be changed 
during the experiment. 


6. The reservoir should be raised or lowered very slowly and 
gently and wait before taking each reading. 


7. Three readings should be taken for pressure greater than 
the atmospheric and three less than the atmospheric pressure. 


8. Readings should be taken with the help of the set squares. 


9. Readings of the atmospheric pressure and the room tem- 
perature should be taken before and after the experiment. 


10. Тһе correction-for the curved part of the tube in the 
cetermination of the length of the air column should be applied. 
surces of Error: 
l. The enclosed air may not be dry. 


2. The room temperature and barometric height may change 
during the experiment. я 


3. The mercury used is generally not as pure as in barometer 
and so there is a difference in their densities. 


4. The closed end may not be uniform. 
ORAL QUESTIONS 
Q.1. What is Boyle's Law? 
Ans. Temperature remaining constant, the Pressure of a 
certain mass of a gas is inversely proportional to its volume, i.e., 
P с + or PV=constt. 


Q. 2. What are the limitations of Boyles Law 1 


Ans. Actually gases show deviation from this law. Perma- 
nent gases, e.g., air, Na, Oz, Hy, etc., obey it fairly well under 
ordinary pressure and temperature. 

It does not. hold good at very high pressure and at very low 
temperature. It is not true for saturated vapours. 
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Q What is a perfect (or ideal) gas? Name some of them. 

Ans. A perfect gas is that which obeys Boyle’s Law and 
Charle's Law. In fact no gas is perfect but permanent gases like 
О», Hs, Ns, etc., are very nearly so. 

Q. 4. What is the difference between gas and vapour 1. 


Ans. A substance below its critical temperature is called a 
vapour, whereas a substance above its critical temperature is called 
а gas. 


Vapour can be liquified by increasing pressure alone, while a 
gas cannot be liquified and has to be cooled below the critical 
temperature before it can be liquified. 

Q.5. How do уои keep the temperature constant ? 

Ans. By waiting for a short time after every observation so 
that the heat developed during compression may dissipate out. 


n 6. Should the change be isothermal or adiabatic in Boyle's 


Ans. Isothermal. 


: . 7. How do you explain the fact that a small amount of gas 
in the tube sometimes exerts a greater pressure than even the whole 
column of the atmosphere ? 


Ans. During compression, the bombardment of the mole- 
cules of the enclosed gas AES the sides of the tube ат 
hence the pressure as the pressure is proportional to вошь 

, ment and not to the mass of the gas. R 
Q. 8. What is the difference between the following relations : 


(а) PV —constt. and (b) PV —RT. 


RU б d rela- 
Ans. The first relation is Boyle's Law and the secon 
fion is the gas equation obtained by combination of Boyle's Law and 
*harle’s Law. j 


Q.9. What is the use of drying the gas? 


à for moist 
Ans. Boyle’s Law does not hold good accurately 
Bases. Application of pressure will condense some of the water 
vapour into water and hence the gàs should be dry. 


Q. 10. Which graph will you prefer a why ? 
(a) P and V, (b) P and E, (©) V and в 


Ans. P and + or Vand 4 graphs, as these are straight 
lines and errors are easily accounted for. 
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Q: 11. Has the diameter-of either the gas tube or the reservoir 
anything to do with the pressure to which the gas is subjected 1 
Ans. Thero. will be no effect in either case, simply the 
quantity of mercury required will be larger in the case of a wider 
tube. BR 
О, 12. If in the Boyles Law apparatus, the tube A is not 
graduated in c.c., how will you measure the volume in terms ‘of length 
of the tube A’ above the level of mercury in it ? ; 
Ans. . The upper part of the tube A (Fig. 25:2) is curyed and 
as a result of it, a correction has to be applied for it. This is 
calculated as follows : [ ў 
Volume of the curved. portion Volume of the hemisphere of | 
. x radius r}; 
TUM 2 
=— x — = + з 
3 Хз om 3 т". 


A If the. curved’ portion had been flat, it would have formed a 
cylinder of length ‘r’ and also of radius ‘r’. Then the volume of 
this cylinder = y’ xr=nr? $ 


Error in volume= rr?— i nr= i wr? 


2 I D y „Volume 1 mr? | 
The resulting error inlength = ama 3 => 


Correction іп length=34 r=—} MN 


` Thus in order to obtain correct ‘length (or volume as volume 
ос effective length), $ r should be subtracted from the observed 


length. 
Experiment 26: 


To measure the air pressnre inside a balloon by using an open- 
ended water manometer. 


Apparatus ; 
A rubber balloon and an open-ended water manometer. 


Theory: 


À barometer measures atmospheric pressure, but in science 
we often need to measure pressures other tham that of the atmos- 
phere. Instruments used to measure these are known as pressure . 
gauges or manometers. 


A water manometer consists of a U-tube containing coloured 
water (Fig. 26:1). М 


When we blow a balloon, it inflates in all directions, , This 
shows that air inside it exerts pressure on all the sides, . 


the manometer containing coloured water а: 
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BALLOON 


COLOURED 
WATER 


Fig. 24.1 (Water Manometer) 


The.pressure of air inside the balloon is more than the atmos- 
pheric pressure by an amount equal to APg where h is the difference . 
in levels of water in the two limbs of the water manometer (Fig. 
26:1) ; P is the density of water and g is acceleration due to gravity 
at a place. 


Procedure : 

Connect it to опе of the limbs of 

$ shown in Fig. 26.1. 

meter will be depressed 
The level of water in 


1. Blow a rubber balloon. 


The water level in this Jimb of the mano 
due to the pressure of air inside the balloon. 
the other limb will rise. i е 

2. When the water in the manometer is steady, measure the 
heights of water meniscus at A.and B above а flat glass plate (XY) 
placed on the table. The difference in levels, A, ОЁ water m the two 
limbs is measured i.e., AB=h. АВ=/ is also called “head of water". 


3. The pressure of air in thé balloon is, then, more than the 
atmospheric pressure by an amount equal to fg, where P is the 
density of water and g is acceleration due to-gravity. 

4. Find the atmo-ohoric pressure P ata place using. Fortin’s 
barometer as explained in Experiment ж. : 
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`5. The pressure of air inside the ballo 


on is equal to P+Apg. 
Note: 


Sometimes the pressure of air inside a balloon can be as much 
as 15 m of water column Thus а hugs open-ended manometer 
should b» mide using about 30 m length of a traasparent plastic 
tube. Alternatively, the multipurpose Mercury barometer can be used 
as an open-ended manometer, : 


Observations and Calculations : 
Density of water=p—....., 
Room temperature—..... 
Acceleration due to gravity at a place 
Barometer reading in the beginning—p, — 

Barometer reading at the end=P,— 


=g=. 


:cm of Hg 
em of Hg 
Mean barometer teading—p— Te 


=......om of Hg 
Qu Atmospheric Pressure—P —...... cm of Hg 
—dyne/em? 
Reading at'the level Difference in h Pr ў i 
of water in levels AB=h UG трола e 
cui. (in cm) balloon 
á М =P+hP g 
Limb А | Limb В (dyne|cm*). | (dyne| cm?) 


TESE А рта NNNM 


The pressure of air inside a balloon—....., dyne/cm? 


m N/mt 
Precautions : 3 


‚ 1. The apparatus should be Vertical, 
2. The water'should not stic 


.3. The lower meniscus of 
eye in level with it, 
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5. Readings of the atmospheric pressure should be taken 
before and after the experiment. 


6. The mass of air іп the balloon should not be changed 
during the experiment 
Sources of Error: 

1. The air in the balloon may not be dry. А 

2.. The barometer height may change during the experiment. 


3, The water droplets may remain sticking to the limbs of the 
manometer during the experiment. 


ORAL QUESTIONS 
(Same as in Expt. 24) 1 
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Experiment 27: 
(a) To estimate the size of a molecule of an oil. 
(b). To estimate the number of oil molecules in 1 gram-molecule. 
Apparatus : 1 ФА. dr 
_Burette, small beaker or conical flask, glass bottom tray (30° x 30^) 


with graph paper attached to the underside, lycopodium powder, small 


— ^ WASHED 
6) METAL BOOM 
BURETTE 


SOLUTION OF OLEIC 
ACID AND ALCOHOL 


; | (у) г 
Fig. 27.1. ` 


measuring cylinder ог pipette or dropper, of solution concentration 
1 in 100 by volume of oleic acid in one litre of Benzene, two waxed metal 
booms, cheese cloth cover, retort stand, meter rule, bucket, four rubber 


wedges, microscope, magnifying glass etc. 
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Theory: 


a EHI EPOR ` sumption, 
According to Lord Rayleigh's work and of the as j 
or guess, that he made—the oil spreads until it is a sheet one mole 
cule thick. 


Allow one drop of given solution of oleic acid ere ee 
water in а tray. It spreads over the surface equally ina (d). Esti- 
forming a circular thin film of thickness (f) and. diane Ae satchiis 
mate the area of the patch of clear liquid formed. I duce the 
roughly circular, we can measure its diameter. Hence Nea 
thickness of the layer of oleic acid. If we assure ПР t YE acid 
one molecule thick, this gives one dimensions of the IE 
molecule. (This will happen if the surface of water is greas à 
Area of the patch x thickness of the ic acid drop 
layer of oleic acid—volume (V) of the oleic acid. 
or j 
(size of the oleic 
acid molecule) 


size of the oleic acid molecule 


volume of the oleic acid drop (V) 


area of the patch 


DM: A 

V4 (5) 2 >» 

or D WA Lau" hagas d? 
Ny: 4 А r4 


the measure- 
Value of г depends very much on the accuracy Di 


ment of diameter (D) of oil drops. 
Procedure : ` 


foleic.acid. -Take 1.¢,c. of: 
1. Shake well the given solution of leit acid. ‘Take | 

it and dilute to 100 c.c. with 1 litre of benzen: ore oleic acid drop, 
na 2, In order to estimate*the diam “Teic acid solution. Now 

fill the dropper (with narrow. borc) with Pers till the volume 

empty the dropper drop by drop in the ber of drops. Find out 

emptied is onc c.c. and also count the num 

the volume (V) of a diop that dropper gives: 


Alternatively, we can also find the vol 


ied k nail on it. 
,., Take а wooden piece of about 4” and 24 and n g 


Make a loop of thin wire as shown. _ 


ume of the oleic acid 
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MICROSCOPE 


WOODEN PIECE 


Fig. 27:2 


A glass rod is dipped in the oleic.acid solution and touched 
at the lower part of ihe wire so that the. drop of suitable size is 


away from it. 


Now set the travelling microscope for the drop and measure 
its diameter (D) upto the accuracy of 0:001 cm and its volume is 
given by V=4n (2 ) 

3. Placethe given glass bottom tray (30'x30" as used in 
photography) with graph paper attached to the underside on the 
bench. The tray is cleaned with clear cotton and detergent powder 
and rinsed with water a number of times without touching any of 
its sides with fingers so that it is free from grease etc. Fill the tray 
partially with clean tap-water and level it carefully by using rubber 
wedges, Now fill the tray to over-brimming with further levelling 


The tray should be a large, enamelled metal tea tray, painted 
black. The tray should-not be of porous wood or plastic that might 
retain oil. Tray must have a broad. flat and rounded rim. 


4. Clean the water surface by moving the two *waxed metal 
booms slowly from the middle to the two ends of the tray [Fig 27.1 
ii)]. The booms should be left near the end of the tray. 


‘5. When the water in the tray has become uite 
sprinkle the surface with lycopodium eowder. [Fig. 27 VG 

6. Arrange the burette so thar Xs jet is just above the surf: 
of the water in the tray [Fig. 27.1 (iv). e 


7. Allow one drop of the solution to fall on the Water, in the 
centre of the tray. ч 1 


“Melt paraffin wax in a can and carefully paint the booms with a layer of 
molten’ paraffin wax with a soft paint brush. If any dfficulty in waxing is 
experienced, it is almost certainly due to not having the wax hot enough. 
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| 8. Using the graph paper estimate the area of the **patch 
of clear liquid formed [Fig. 27.1 (У)]. If the patch is rough circular 

then use metre rod to measure the maximum diameter of the patch 

produced in two directions. : 

| 9. Deduce the thickness of the layer of oleic acid. If we 

assume that the layer is one molecule thick, this gives one dimen- 

sion of the oleic acid molecule. 

10. Knowing the density of oleic acid and assuming that its. 
molecules are of roughly cubic shape, estimate the volume of one 
molecule and hence its mass. Knowing molecular weight of oleic 
acid, estimate the number of molecules in one gram-molecule. 


Observations and Calculations: 


| Volume of one drop of oleic acid=V=------cm® 
| Area ofthe patch of clear liquid  =------cm? 
| (using graph paper) 
| Ог 
For Roughly Circular Patch 
Maximum diameter of the patch (roughly circular) on 
one side=d,=......cm 
Maximum diameter of the patch on the other side 
= :کول‎ ood cm e} 
Mean maximum diameter of the patch 
=d= dd _. өөө cm 
«72 
Area of the patchedx d=...... cm? 


If we assume that the layer is one molecule thick, then, 


5 Let thickness of the layer of the oleic acid 
—t cm (ie., the size of molecule) 


Area of the patch x t—volume of oleic acid drop (V) 
„сш 


у к 
Г. дм кз 
t= Area of the patch 


Thus the size of the oleic acid molecule 


**With some water supplies, the patch conta ae ae qusc (ie 
afteritisformed. This is probably due to water-sofiening еч a contraction, 
oleic acid, though this is not certain. UE ihe cal acinar diameter. — 
we believe the proper measurement to 
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Density of oleic acid—0:90--0'01 gm cm~”. Assuming that 
the molecules of oleic acid solution are of roughly cubic shape, 


The volume of one molecule exi... cm? 
Mass of one molecule =M=2?x(090+0°01) ` 
ATE 
Molecular weight of oleic scid=282 
No. of molecules in one gram-molecule 


Result : 
Roughly, the size of oleic acid molecule=...... A 
Roughly, the number of molecules in 1 gram—molecule 


of oleic acid=...... 


Note. Experimentally the value of diameter (d) of circular 
patch=25 cm; diameter of the oleic acid (D)=0°095 cm 
and the molecular size 1—68A?. 


Precautions and Sources of Error : 


l. The tray should be water-proof. 


2. The water surface should be swept clean just before each 
student places his acid drop on it, by moving two water-proof waxed 
metal boums out from the centre to the ends. 


3. The measurements are obviously rough but worth having. 
Treat the oil drop as a cube, or width equal to the diameter of the 
sphere (Fig. 27.4). Treat the oil patch as a square instead of a circle 
(Fig. 27.3) a square of width equal to the diameter of the circle. 
That will yield a smaller estimate of molecule—height, two-thirds of 
the proper result—but never mind, simplicity is best here. 


CIRCLE SQUARE 


SPHERE 
, DIAMETER ES — —À 
= Е 
SIZE OF THE О 
MOLECULE 
Rh EREXIT GUI = --* 


THICKNESS OLEIC ACID DROP 


Fig. 27:3. Fig. 27-4. 
4. The liquid should be dropped only drop by drop. 
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ORAL QUESTIONS 


Q.1. What is the aim of this experiment? 

Ans. To estimate the size of the molecule. 

Q.2. What is a molecule? What is molecular size ? 

Ans. Molecule is the smallest part of matter which can exist 
independently and continues to possess all the properties of the 
Molecular size means molecular diameter. 

Q.3. Why should the oleic acid be diluted? 
: Ans. This is done to takea small trace of the oil even by 
trapping larger volume of the solution. _ 
Э Ts 4. Whatis the purpose of lycopodium powder in this experi- 
men : 
Ans. To have a circular patch of the clear liquid. 


Q.5. What happens to benzene or alcohol in the film 1 

Ans. The benzene or alcohol contained in the drops eva- 
porates partly and its remaining part gets dissolved in water, leaving 
behind only the oil molecules to spread over the surface of water. 

Q 6. What type of substances whose molecular size you estimate 
are suitable for this experiment ? 

Ans. Those which spread into a circular film of mono-mole- 
cular layer. 

Q.7. Whatisa mono-molecular layer 2 


Ams. A layer whose thickness is equal to the diameter of 8 


ils and fats are not spherical, їз the 


Q.8. As the molecules of 0 equal to the smaller dimensions 


thickness of the mono-molecular layer 
Asis, No : й is equal to the largest dimension of 3 

meter. 

Experiment 28. 


To measure surface tension of water by сар 


Apparatus : 

Capillary tubes of uniform bore and 
(ranging from 0°5 to 1 5 mm); а glass 5р, 
band, a needle, a glass vessel, a clamp stand, 
scope ; a thermometer and an adjustable stand. 


Theory 2 

When a capillary tube n at both ends is dipped vertically 
in a liquid, the surface of det liquid inside the tube is generally 
curved. If the liquid wets the tube 85 in the case of water, the 


illary rise method. 


different diameters 
a thin rubber tube 
a travelling micro- 
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'" RUBBER BAND 


GLASS STRIP 


1 unum Н 
n 


STAND 


CAPILLARY 


a 
TUBES = 


i 
Ё 
i 
i 
i 
H 
i 


GLASSES Буш E REFLECTION 


vesse. (=== => == OF NEEDLE 


Fig. 28-1. Surface tension of water. 
surface is concave upwards and the pressure in the liquid just below 
the meniscus is less than the atmospheric pressure above it by an 
amount 2T. where T is the surface Tension of the liquid and ‘r’ is 
the radius of the tube, which is the same as the radius of curvature 
of the meniscus Hence the liquid Tises in the tube and the weight 
of the liquid in it balances the difference of pressure. 


Let the height of the liquid in the tube from the hori i 
surface in the vessel to the tangent plane CD at the bottom of the 
meniscus oc “Й” and ‘p’ the density of the liquid. (Fig. 28 2) 


Weight of the liquid column—zr? [ ng 5] и 
The surface tension acts along the tangent PYTH a. 


liquid surface inwards and its reaction acts outward along AE 
BE all along. the mennan wie iowches the inner surface of th 
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Fig. 28-2. 
tube all round the circumference 2xr. The vertically 
Components of this force support the weight of the liquid column. 


5 2ur Т cos 0—ar* fats Jes 


Select three capillary tubes of different diameters (ranging 
fon OF ау and cut off their Mer ende wih sary i 
or a blade. 
Clean carefully first wiih caustic soda 
and Et ав eu E ош ds nitric acid with 
This will be so when the bore of the capillary tube is very fine. Thus this 
Пы = she b КЕ 
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considerable quantities of water. Then dry the tubes with dry air 
forced through them. j 


3. Mountthe capillary tubes on a clean glass strip with a 
rubber band, such that the distance between them is about опе 
cm. Also mount a thin needle on the glass strip parallel to 
capillary tubes (Fig. 28.1) so that its fine end projects a little less 
than that of the capillary tubes. 


4. Hold the glass strip vertically in a clamp stand. Test the 
verticality of the plate with a plumb linc. 


5. Clean a glass dish first with the alkaline solution and 
then with water. Fill it with tap water. (Do ло! изе distilled water 
because it contains traces of grease which changes the surface tension). 
Place it on a stand the height of which can be adjusted. 


6. Adjust the position of the glass strip so that all the 
capillary tubes dip in water slightly. Raise the glass vessel and 
see that the water rises freely in the capillary tubes and falls as 
soon as the glass vessel is lowered. . 


Jf water does not fall back readily, it means that the capillary 
tubes or water or both are not free from contamination. In that case 
they should be replaced by cleaner ones.) j 


7. Make the capillary tubes and the needle vertical. Raise 

2 stand holding glass strip so that the needle Just touches the 

Surface of water in the glass dish. (Do not touch the surface o 
water with fingers). 


8. To set the travelling microscope > 


(i) Adjust the position of the eye piece so that the c 
wires are clearly visible. : 


(i) Place the microscope with its horizontal traverse parallel 
to the plane of the glass plate. 


(iii) Adjust one of the levelling screws at the base of the 
microscope so that its scale is vertical and the microscope tube is 
horizontal Test with a spirit level. 


9. Direct the microscope on the capillary 
tube having thé maximum height of water in it. 
Fotus it by removing parallax between the cross- 
wires and the imagc of water column in the 
capillary tube. Lower thc microscope vertically 
and make sure that it can reach the water level. 
Rotate the eye-piece of the microscope to make 
one of the cross-wires horizontal. 


Adjust the position of the microscope so 
that the horizontal cross-wire is approximately 
at the position M (Fig. 28.3) of the meniscus of 
water in capillary tube No. 1 having the greatest 
rise of water. . 


Work the screw at the top ofthe micro- 
Scope till the cross wire is exactly in the position 
M Read the vertical scale. ) 


Fig. 28:3. Magnified 
view of capillary 
tube No. 1. 


10. Move'the microscope along the horizontal scale and 
bring it in front of tube No. 2 Adjust its height, focus it on the 
lower meniscus of water and note the reading. Similarly BC me 
reading by focusing the microscope on the lower meniscus oi water 
in the. capillary tube No. 3. : 


REFLECTION OF NEEDLE 


li. Now bring the 
microscope in front of the 
necdle and lower it till the 
cross-wire is in the position 
N as shown in Fig. 28.4 
symmetrically b:tween the 
tip of the needle and its 
image in water. Read the 
vertical scale again 


Fig. 28:4; 


f the lower meziscus of 


12: Mark with pen the position 0 
water in each of the tubes. 
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13. Measurement of the diameter : 
*Cut the tube No. 1, at the ink mark by 
means ofa sharp glass cutting file and 
find its internal diameter by clamping it 
in a horizontal position and focusing the 
microscope over it. 


Similarly find the diameters of the 
capillary tubes No. 2 and 3. 


A magnified view of the cross-sec- 
tion of the capillary tube is shown in 
Fig. 28.5. Focus the microscope first at Fig. 28-5. 


Р and note the reading. Now focus it at Q and again note the ` 
reading. The difference between these two readings gives the 
diameter PQ. Rotate the tube through a right angle and take the 
readings at R and S. Find the mean of the values of the two 
diameters.** . 


14. Find the temperature of water used. 
Observations and Calculations : 

Temperature of water 

Density of water at C =......... g/cm? 

Angle of contact for water—0—......... 
Diameter of the Tube : 


Vernier constant of the microscope... 


Microscope reading at 
Capillary n is 


tube No. РО | RS diameter | Eri 
P|Q R s. | (r) 
— SaaS e MM 
1 cm | ...em | ...cm | ...cm | ...cm ! ...cm cm -..Cm 
2. 
2; 


*Under no circumstances should the tube be broken bı 


wise the fracture will be uneven, To рс! a clear fracture pee DU 
length of the capillary, make a scratch on the tube at the ink mark with ating 


file and apply the tension along the length of the tube. 


**The four readings should vary (if at all) amongst themselves by a very 
amall amount, S 
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Height of the liquid column and surface tension : 


Mean value of Surface Tension 


Value from tables at room temperature=--------~ dynes/cm 
Result : 
The surface Tension of water at-------777777 c 
=.-------Чупез/сш 
Precaution : 


. 1. The tubes should be of uniform bore throughout. 
2. The tubes must be vertical and sufficiently apart- 


3. Water should rise freely in the tubes- 

4. Do not use wax for fixing the tubes on the glass plate- 
Instead use a thin rubber band. t 

5. The surface of water should not be touched with hand 
and the vessel containing it should not be greasy- 

6. The diameters of the tubes should be measured accurately 
at the points where the liquid level stands. 

7. The diameter should be measured 
mutually perpendicular directions. 

8. The tip of the needle should just touch the water surface 
and not dip into it. - 
` 9. The backlash error with 
avoided by always turning the screw In 


= id surface also the 

(i) Probable contamination of the liquid su as also th 

bayer of the capillary tube; the cleaning of which is 
ious. 


accurately im two 


“the microscope should be 
the same direction. 


(ii) Chief source of error is the. determination of the radius of 
the bore as it is extremely difficult in practice to have a capillary 
tube of absolutely uniform bore throughout. 


Exercise 


Compare the radii of the two capillary tubes by noting thc 
tise of the liquid in them. : 


If the radius (r) is small then ERI 
ч : TRAP g 
Hrs | EIST 
.,If В and A' are the heights of liquid columns in the two 


capillary tubes of radii r and r’ respectively, then- 
н 2T—rh Pg=r’ k' pg 


ORAL QUESTIONS 

О. 1. What do you mean by surface tension ? 

Ans. The free surface of every liquid behaves as if it were in 
а State of tension having a natural tendency to contract. This 
tension or pull in the surface of a liquid is called Surface Tension. 
Ifa line be imagined to be drawn ona liquid surface, a force acts 
On each side of this line, the direction of the force being tangential 
to the surface and i to the line. The magnitude of 
кеш force acting per unit length of this line is known Surface 
"ension. a 


Q. 2. 15 there any other way of defining surface tension 1 

Ans. Yes. Thc surface tension may also be defined as 
numerically equal to the work: done in enlarging the surface of a 
liquid by unit amount under isothermal conditions. t 

Q. 3. Why should work be at all done in enlarging the surface 
of a liquid ? 5 3 

Ams. As the surface is enlarged, the surface density of the 
molecules, iz: the population of the molecules per cm* of the 
free surface,-is diminished. Consequently more molecules must 


membrane. 5 

Ф. 5. Why mercury does not stick to the finger, while ware 
does under the same conditions ? 

Ans. ee the case of mercury the for 
mercury and finger. "Hare the molecules of mercu d 
neighbourhood pr Meer to be, tora Es 
pest ues the liquid. Consequently 
Ede tuner ; zu 

In the case of water, however, f adhesive fore o 
than the cohesive forces ; hence when the finga e liquid and stick 
the molecules of water close to the finger leave i 


Ans. These forces are not of the 527 he electrical 
forces bat arise on account of the interaction of the es a 
which surround atoms. These are very of the order of 105 
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again becomes straight. This process of Straightening and curving 

of the meniscus continues and consequently water rises in the tube. 
©. 8. Should the water level continue to rise indefinitely 1 
Ans. No. Each time when the surface Straightens and 


"o Q. 9. Why does water not rise in an ordinary glass tube—, 
why in a capillary tube ? 

Aus. The height of water column in a glass tube depends 
upon ‘the weight of the liquid conthined in this column. This 
obviously depends upon the radius: of the tube. Ina capillary tube 
the radius is exceedingly small, hence the weight of the liquid for 


Ф. 10. What is the relation between Surface Tension and 
Weight of the Liquid Column supported by it 1 


Aus. 2zr T cos 0=arig [5] 


[Sce Theory of the Expt. above] 
Q. 1r Define angle of contact. 


ANGLE OF 
CONTACT о ANGLE OF 
CONTACT 
OBTUSE ACUTE 
Fig. 287. 
„Ans. The angle of contact (Fig. 28.7) between a liquid 
2 solid is the angle measured within the liquid, between theta 


It is obtuse in the case of liquids which do not solid 
and it is acute for those liquids which wet the solid wre 


Q. 12. What is the angle of contact for pure water-glass 
interface ? | 


` of adhesion (F,) between the water 


Ams. InFig. 28.8 consider a 
molecule “М” of water. Let force 


molecule M and glass molecules 
and the force of cohesion (F,! bet- 
ween the water molecule (M) and 
the rest of the water molecules be 
HDD OK I d direc- 


tion by MA and МВ reipcetively. In 

this case of water-glass interface, 

Е, > F, consequently the resultant R 
= meniscus. 

eee by the diagonal MQ Еф 288 Concave! 

takes direction as shown. This 

is a force experienced by the CE just gelbe 

molecule M. Now, for equilibrium, the CIA 


onit. This can 
Led C the resultant force аё al Now if we 


achieved by surface curving 

Sonne he other wl ofthe capi mabe e cent de 

the surface must curve upwards for both the 

surfacc must bc concave. concave. 
Q. 14. Do ай liquids show this Беи, ie., assume 

meniscus in a capiliary tube ? 13) is true only for 


Aus. No, que, cem i шын ih fem, for чыка 
force of adhesion is greater than the force of o eoe 
э-н ЙС ЫЛЕ the case, the the surface is со ra 
up mercury iul кыза eni Gabel 

о. 15. Jfa capillary tube is dipped in 


RA The level of mercury in the capillary tube will En o2 


mercury; what will you 


CAPILLARY 
TUBE 


MERCURY. 


Fig. 289. 
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Ф. 17. Сап ме use а tube in this experiment whose bore may 
not be uniform throughout 1 


is formed. Theoretically there is no difficulty but practically, 
there will be one probable source of error. 
Q 18. What will be that probable source of error 1 


Ans. If the tube is cut even slightly up or down the desired 
point for the determination of the i 


Q. 19. Suppose we dip:a number of tubes of the same bore 
but made of different materials, im the same liquid, will we get the 
same rise in all ? 


Ans. No; because the interfacial surface tension will be 
different in cach case. 

Ф. 20. Suppose there are two tubes A and B. The bore of A 
is circular, that of B is elliptical —tke major axis of the ellipse 
isequal to the diameter of the former. How will the levels in the 
tubes be affected ? 

. Жюз. Therise in the elliptical tube will be more than in the 
circular опе. 

Ф. 21. Suppose the liqui occupies 5 cm of the tube when it 
is held vertically in the liquid. Now, if the tube is inclined at an 
angle of 60° to the vertical, how will the rise in tube be affected 2 


Ans. The lengih of the liquid column occupying the tube 


shall increase in such 2 way that the vertical height is even now 
"he So the angle of inclination is 60°, we have 


Hem бпкен | 1—10 em where l is the length of the liquid 
in the tube in the inclined position. 


9. 22. Suppose the expected rise in a capillary tube is 10 т; 
Faas Бае а tube only 8 ст long. When dipped, will water aver 


rQx8—rx10 


Thus with = tube of sufficient length r, will be greater than 
r or the meniscus shall become less concave. 
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Q. 23. What isthe unit of surface tension? "What are the 
dimensions of surface tension ? А ы 

Ans. Unit—newtons per metre (N/M) 

dimensions—M'!T ®. 

Q. 24. How does surface tension vary with temperature 

Ans. The surface tension of ali liquids decreases as the 
temperature rises. 

Ф. 25. What is the effect of contaminations on the surface 
tension of a liquid 7 : 

Ans. All sorts of impuritics, contaminations and dissolved 
substances lower the surface tension of a liquid- 

Q. 26. Why rain drops are spherical in shape and bigger 
drops are flat ? А . | 

Ans. Because in the case of rain drops the surface tension 
is greater than thc force of gravity and in the case of bigger drops, 
the weight of the drop is greater than the upward force of surface 
tension. 


Q.27. What are the factors that affect surface tension of а 
liquid ? Ре 

Ans. (i) Temperature, (ii) Contaminations ; impurities and 
dissolved substances. 


Experiment 29. 


To study the relationship between pressure and екы A 
sample of air at constant volume and hence d S x nstant 
of increase of pressure of air at constant volume by Jolly s со 1 
volume air thermometer. 


Apparatus : 
Jolly’s constant volume air thermo 


beaker, a thermometer, ісе, a funnel, a set sq 
arrangement. 
Theory : Fig. 29-1 
A simple form of c ant volume air thermometer (Hg 2 ! 
due to Jolly опы of d gati bulb C at thc end. ое сару 
about 1 mm in diameter. The tube is beat twice а ss tube D. 
and joined by a thick-walled rubber tubing to oi arab beyond the 
The part of the capillary tube attached to the POP ord fixed 
second bend is fixed vertically on a vertical № ili screws. A 
on a horizontal iron base provided with three x ata аа in 
millimetre scale is fixed on the vertical board wit! al 355 front of the 
the lower most position. The opea tube which is a x gud сап be 
scale can slide up or down along the vertical boar 


clamped at any position. The rubber tube and the open tube 


meter, a plumb line, а 
uare, and a heating 
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VERTICAL 
WOODEN BOARD = 


MILLIMETRE SCALE 


MERCURY 


THICK 
WALLED 
RUBBER 
TUBE 


LEVELLING SCRE 
Fig. 29.1. Jolly’s constant volume air thermometer 


contain mercury and during the experiment the level of mercury is 
kept at the fixed mark F on the capillary tube. 


Gases expand much more than solids and liquids do. if a gas 
is heated but its volume is kept constant, the Pressure of the gas 
will increase. - 


The coefficient of increase of pressure at consta 
defined as the increase in pressure Per unit pressure at 0°C 


_ Р.Р, 
M P, Xt 
or Ре=Р, (1+yot) 


The value of coefficient of increase of pressure 


volume for all gases is a or 000367. 


In the case of gases the lower temperature must be 0°C and 


not the room temperature as an appreciable error will be Caused 


-at constant 
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due to the very large value ofthe coefficient of expansion of a gas 
ie., un or 0700367, which is approximately 10 times the coefficient 


of cubical expansion of water and 100 times the coefficient of cubi- 
cal expansion of copper. Ur 


It is possible to determine the coefficient of expansion ofa su 
from readings of pressure at any two temperatures. | If Po, Pran 
P, are the pressures at temperatures 0°C, [°С and (°С respectively 
and Y» is the coefficient of increase of pressure at constant volume, 
then s 


P,—Po (1+ Yet) 7 
P,—P, (1--vet) Ta 
Dividing (ii) by (i), we have 
Ё PB lcYefs € 
Р, 1+ү й 
ES (ш) 
OT Тр. т.р, п 
Procedure : 


1. Set the apparatus vertical as follows: . 


" Suspend a plumb line in front of the scale. Adjust buoni 
screws at the base so that the plumb line 15 parallel to the central 
the scale and equidistant from it at all points. КЫРЫ to make 
Screw to make it parallel to the edge and the two PEG DIS | 
it equidistant. 

capillary tube 
2. Make a fixed mark, F below QAI d below the 


by pasting a piece of gumpaper on it. А 
bend so that mercury SP RO enter the bulb C due to negligence. 


3. Note the atmospheric pressure from Fortin's barometer as 
follows : ) 


(i) Find the vernier constant of the Fortin’s barometer. 


(ii) Adjust the screw at the base of the barometer so that the 
mercury surface just touches the ivory tip. 
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(iii) Place the eye at the same level as the meniscus of mercury 
to avoid parallax and note the reading. 5 


4. Bring the open tube D to the lowest position. Place a. glass 
funnel below the bulb C. Wash ice in running water and pound it in 
a clean dusier. Surround the bulb completely with pounded ice and 
suspend from aclamp athermometer with its bulb dipping in ice 
near the glass bulb. Wait for about 10 minutes so that the air in the 
bulb attains the temperature of ice. Raise the tube. D till the 
mercury level in the capillary stands at the fixed mark F. 


i 5. Wait for few minutes. If the air in the . bulb has attained 
the temperature of ice: and there is no leakage in the apparatus, 
then the mercury level will remain stationary at F. 


SCALE 


Fig. 29.2 


. __ In order to note the reading of the upper meniscus of mercury 
in the open tube D, place a set square such that one of its perpendi- 
cular sides is horizontal and the other presses apainst the side of the 
metrescale as shown in Fig. 29.2. Move it till the horizontal edge is 
at the level of mercury. Place the eye at the same height inorder to 
avoid error due to parallax and note the scale reading against the 
horizontal edge of the set square. Similarly, note the reading of the 
mercury level on the scale against the fixed mark Е. 
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6. Remove ice and the funnel surrounding the bulb C. Place 


the bulb in the steam bath as 
shown in Fig. 2913. When the 
bulb remains surrounded with 
steam for about 10 minutes, 
the air in the bulb will attain 
the temperature of steam. See 
that the thermometer records 
a constant temperature. Raise 
the tube D so that mercury 
in the capillary tube again 
stands at the fixed mark F. 
Wait for a few minutes more. 
If the air in the bulb has 
attained the temperature of 


steam, the mercury Jevel will- 


remain stationary at F. Note 
the scale reading against the 
level of mercury in the tube 
D, with the help of a set 
square as explained in step 5 
ofthe procedure. Bring the 
tube D to its: lowest position 
and then remove the burner. 


7. Note the  atmos- 


Observations 


Atmospheric pressure in the beg! 
Atmospheric pressure at the end 


Mean atmospheric pressure P= 


STEAM 


GLASS TUBE 


Fig. 29,3 


pheric pressure again and find the temperature of steam 
pressure, 


at this 


inning=------cm of Hg 

=......cm of Hg 
Ars .cm of Hg 
<s ......mm of Hg 


Temperature of steam, 100— 0367 (760—P) 


=......°С 


where P is the atmospheric pressure i 


п millimetres of mercury. 


Reading of the mercury level at 
the fixed mark F=x=-----c™ 
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Mercury level reading 


Temperature in open tube D Head of pressure 1 Ph 
о) 0-x)=+h 
oc © P= 
°С | P= 


; Note. The head of pressure his positive or negative according 
45 the level of mercury in the open tube D is above or below the level 
of mercury at the fixed mark F. 


Calculations 
Coefficient of increase of pressure at 
Р.Р; _ 
Рх 
Value from tables—0:00367 
% етгог=......... | 


Constant volume Yo = 


Precautions 
l. The enclosed air should be completely dry. 


2. The pressure in the beginning and at the end of the experi- 
ment should be the same. . : 


3. The mercury should not be sticking to the sides of the glass 
tube. 


4. The reading of mercury. level should: be taken when the 
temperature remains constant for several minutes and the mercury 
remains at the fixed mark F. : 


5. The open tube should Бе considerably lowered after the 
reading at the steam temperature has been taken otherwise mercury 
will rush into tlie bulb when the burner is removed. 


6. The bulb should be surrounded by steam and should not 
be immersed in water. 


7. Тһе bulb should be completely surrounded by pounded ice. 
Sources of Error N 


1. Glass bulb expands and the volume of air increases, the 
- volume, therefore, does not remain constant. 


2, The air in the capillary tube is not at the same temperature 
às the air in the bulb. Е 7 


3. The enclosed air may not be completely dry. 
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Exercises 


1.. To plot a graph between temperature and pressure 
at constant volume using Jolly's apparatus. 


Hints : 


2. Find the value of absolute 2 
tons with Jolly's constant volume air 


Hint ; 


(i) Surround the bulb C in ice and note the obseryations 
as explained in step 4, Experiment 29. : 

(ii) Remove ice and surround the bulb with water in the 
brass mug at room temperature. Raise the position 
of D so that mercury stands at the fixed mark F in the 
capillary tube. "Note the reading of the mercury level 

. in the tube D at the room temperature. 

(iii) Heat water to the boiling point and again note the 
reading of mercury in the open tube D after adjusting 
its position so that mercury again stands at F in the 
capillary tube. : 

(iy) Remove the burner and allow the water to cool. Note 
the reading of mercury level in the tube D at tem- 
peratures 90°, 80°, 70° etc., by keeping the temperature 
constant at these points. 

(v) Plot a graph between the pressure P and the tempera- 
ture f. 

(vi) From the graph calculate the values of P, and P, corres- 

: onding to any two temperatures [1 and fa respectively 
and then calculate the coefficient of increase of pressure 


from the relation : 


LIBCM . 
| YS PiP ` 
(vii) Also find from the graph the pressure of the gas Ре 
corresponding to 0°C and Pioo corresponding to 100°C. 
Calculate the coefficient of increase of pressure at 
constant volume from the relation 


a: P 100—Po . 
Y= P, x 100 
ero by taking observa- 
thermometer. 


Plotagraph between the pressure P and the шее 
t representing pressure along X-axis and temperature along 
Y-axis taking zero value at the origin in 

position of X-axis iS selected in suc 


í i H he positive 
possible tO Eo 100°C on SIMI straight line as shown 


in Fig. 29.4; Produce the 


jive si raph isa n у 
on the negative side. The grap: the Y-axis. The point 
4 TI f the absolute 

t which it meets the Y-axis gives the value o 
deo. This is beaa corresponding to this temperature the. 


pressure of the enclosed gas i$ 7ёГ0. 


GRAPH BETWEEN TEMPER- 
.ATURE AND PRESSURE 


Experiment 30 : 


To determine the comparative cleansing effect of the different 
detergents through the study. of surface tension using capillary tube 
method. 

Apparatus : 

A capillary tube, beakers, spring balance, a glass strip, a thin 
rubber tube band, a needle, a clamp stand, à travelling micro- 
scope, a thermometer, an adjustable stand, different detergents 
and distilled water. ; 
Theory : 

Same as in Expt. 28. 

` As the surface tension „ОЁ water is reduced by dissolving a 
detergent, the greater the cleaning strength of a detergent, the less 
is its capillary rise. : 
Procedure : ` 


1. Take equal weights of different detergents with the help of. 
a spring balance. Dissolve them in equal volume of distilled water, 
kept in different beakers. 
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2. Compare the capillary rise of different solutions by dipping 
acapilary tube in each solution turn by turn as per procedure 
‘explained in Experiment :28. y 

, . The capillary tube must be thoroughly:cleaned. and rinsed by 
distilled water. It must also be rinsed by distilled’ water before 
dipping it in each solution. : 

Asthe surface tension of water is reduced by dissolving а 
detergent, the greaterthe cleaning strength of a detergent, the less 
is its capillary rise 
Note : 4 

. Ап alternative me thod is to have several capillary tubes of same 
internal diameter. These ate cut from the same capillary tube. Then- 
one capillary tube is dipped in each beaker. The beakers should be 
of same size and should contain equal volumes of different detergent 
solutions, so that the different capillary rise of different detergents 


is clearly visible even from a distance. 
Observations and Calculations : к 
Height of liquid column in the capillary tube : 


Height (or capillary rise) 


Detergent t Readings of microscope at r 
(h) in cm 


Solution 
M | N 


23, وک‎ RAI 


(ii) . >. 
@ | ава 
(v) MI 4 
Result : 
(a) The cleansing effect of detergent solution: is the 
maximum. 


f detergent solution 
ution- 
olution is the 


(b) The cleansing cffect o 
(c) The cleansing effect of detergent sol 
(d) The cleansing effect of detergent 5 
least of all. pansy 
Precautions : 
Same as in Expt. 28. 


Sources of Error: 
` Same as in Expt. 28. 
ORAL QUESTIONS 


Same as in Expt. 28- 
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[Same as in experiment 32.] 


Experiment 31, 

To determine the surface tension of a liquid (water) by the drop- 
weight method, 3 
Apparatus : : 

Funnel, a short glass tube of internal diameter 4 mm or 
5 mm, a piece of rubber tubing -which can fit tightly on the glass 


tube, paraffia wax, small beaker or „crucible, screw type pinch 
cock, travelling microscope, the given liquid (say water). 


Theory: 
Let us make a simplifying assumption that the drop falling 


from a circular orifice has cylindrical form when it is about to break 
away from the tube. Ifristhe radius of the orifice, the excess . 


Pressure inside the drop at this section is + due to cylindrical cur- 
vature where T is the surface tension of theliquid. This produces a 
downward thrust on the. drop of Tp Tmr. If m is the mass of 


the drop, the total downward forces are Trr+mg. 


: These forces are balanced by. the upward forces of surface 
tension round the circle of. contact. This force is 2r — 


Hence, : 
2nr.T=Trr-+mg 


or T=" 
4 пг 
The above expression 

the drops break aw. 
of liquid at the orifice is cylindrical when the drop is 
away. The problem, however, is complicated b: 
derations and complex shape of drops. Taking 
Rayleigh has shown that a` closer ap 


А | proximation is given by the 
ormula 
= ж oe 
IH 
S 38r 
Ше: a Чы 
Procedure]: 


1. Place the funnel in a ring as shown in Fig.31.1. Fix the 

lass tube to the lower end of the funnel with a rubber tubing. 
Attach the pinch cock on the rubber tube, to regulate the liquid 
flow. Make a thin coating of wax on the dropping end of the glass 
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tube. This ensures that the drops fall out from its internal surface 
only. For this purpose it is also necessary that the glass tube is 
cut flat. Ifthe flat end fis not obtained by cutting only, it may be 
grounded flat using a very fine emery powder or sand. Inno case 
should it be fire polished. 


STAND 


ы 4-PINCH COGK 
"B (SCREW TYPE) 


PARAFFIN 
WAX COATING 


BEAKER 


Fig. 31.1 
72. Place the liquid whose surface tens 


ion is to be measured 


in the funnel. Regulate the flow of the liquid .so that the drops 


break away at.the rate of about one per minute. Collect the counted 
number of drops in a beaker of known mass and weigh the beaker 
with the collected liquid. From this, the average mass of the drop 
is found out. ' 
3. The mean radius, г, of the end of the glass tube is дее 
mined by means of a travelling microscope аѕ explained in Lu 28. 
4. Calculate the surface tension, T, using the formula 


where m is the average mass of a drop and g is tbe acceleration due 


to gravity. E 
Note: For more accurate measurement, the rate of breaking away 
of the drops should be even slower than what has been 
suggested above. ‘It is better to keep it cne drop every four 
minutes but it may take the experiment too much time 
consuming. When time is important, students may doa 
tolerable experiment even by collecting 50 drops in about 10 
minutes. т 
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Observations and Calculations : 

Mass of beaker—......... E 

Mass of beaker and collected liquid— 

Number of drops— Р 

Average mass of а drop (m)=.... 8= .........kg 
Diameter of the tube : 

Vernier constant of the microscope=.. 


z Е 
Microscope reading at i 
(in cm) РО RS Mean Mean radius 
(ст) || (ст) diameter (em) 
| | } (ст) 
Р о | R ^s 

LEA E DR E 2 S 

| | (oco (cm) 

| x ич 

| | TM (cm) 

3 


:. Mean radius of dropping end of 
glass tube=r=......m 


Acceleration due to gravity at...... 
(from tables)=g=...... ms^? 
.'. Surface tension of the liquid 
=T= 8 =... 
T $7 «N/m 


Fig. 31.2 
Result ; 


The surface tension of the liquid=......Nm-1 
Precautions : ; 

l. The glass tube should be cut flat. 

2. The drops of the liquid should fall ou 
surface of the glass tube only. 


The flow of liquid should be regulated.in such a way that 
the drops break away at the rate of about one per 4 minutes or onc 
Per minute if time is important. 


4. The glass tube should be of uniform bore throughout, 
5. The diameter of the flat end of the glass should be measur- 
ed accurately in two mutually perpendicular directions. 
ORAL QUESTIONS 
(Same as in Experiment 28. 


t from the internal 


SECTORS! S 
Experiment 32 : 

To determine the spring constant of a given spring. 

Apparatus : Ы 

Light spiral spring, metre scale, two clamps and stand pointer for 
spring, hanger with slotted weights. 

Theory : 

The shape of a body changes when an external force is applied. 
Molecular forces tend to oppose this change. As soon as external force 
is removed, the body regains its original shape, if the applied force is 
within the elastic limit. 


POINTER 


HANGER FOR 
. SLOTTED 
WEIGHTS 


Fig. 32.1. 
The relationship between the extension in a helical spring and the 
applied force was first investigated by Robert Hooke and is known as 
Hooke’s Law. Hooke’s Law states that for a helical spring or other elastic 
material, the extension is directly proportional to the applied force, 
provided the elastic limit is not exceeded. The elastic limit is the point at 
which the spring or other material becomes permanently deformed. For 
forces applied up to the elastic limit the spring returns to its original length 
or shape when the force is removed. : 1 


“Fee where F = applied force 
ande =extension 
Е = constant е 
ог F=Ke . where К = spring constant 
.. Spring constant = K = Ë = Force = = 
А €  extention 


where m = mass . А 
g = acceleration due to gravity. 
Its SI unit is Nm" 
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Procedure : 


1. Set up the apparatus as shown in Fig. 32.1 


2. Fix a pin to the lower end of the Spring to act as a pointer 
&nd record the position of the pointer on the metre scale when no 
force is applied. 


This arbitrary zero position should be checked at the end of 
the experiment to ensure that the maximum force applied to the 
spring did not exceed the elastic limit. ` 


3. Attach a weight hanger (which applies a known force 
F—0:5 N to the spring) to the lower end of the spring. When the 
spring stops oscillating, record th i i 

. The difference in the two Teadings 
be recorded in mm. S 


4. Add slotted weights of, Say 0'5 N (50р) to the hanger 
(also of weight 0:5 N 


). so that the force can be. increased from 0 to 
3N in equal steps of 0'5N. 


As you add each weight to the spring, note the reading ofthe 
-steady pointer on the metre scale. ; 1 
It is good practica] technique also to take the pointer readings 
as the weights are Temoved so that an average pointer reading can 
be used to calculate the extension of the Spring. 
The results can be tabulated as shown below. A calcula- 
М TWICE Force , "ERA 
tion of the ratio Pu БОДАП. show it to be constant within 
the limits of experimental error, 


Observations and Calculatio; в: 


S. No. Force Pointer reading in mm Extension Spring. 
(F) (e) constant 
inN | їп тт Ko FL 

Loading Unloading! Mean Or N р) 


| 


е. 
(їп Nmm-!) 


SION Se 
ت دمحت‎ ооо 
Qmugouw» 
В 
g 


CEES 


Mean Value of e= 


1 


extension. From the graph, calculate K. This is 5. (See Fig. 3232). 
From the graph (Fig. 3192): 
The elastic constant of spring K— b mee N/mm 
a 
Ss N/m 


Result : 
(Do К=з: Nm is the force applied on the spring per metre 
extension. 5 


е (in тт) zy 


F (in N)9—» X 
Fig. 32.2 А 
2. Since the graph of Е against e isa straight line passing 


through the origin, then the extension of the spring is directly pro- 
portional to the tension in the spring (Нооке" law). 


Precautions : 


1. The spring should be suspended in such а way ihat its axis 


is vertical and the scale should be adjusted parallel to its axis. 

2. The spring should not be loaded beyond elastic limits. 

3. The loading or unloading should be in equal steps and 
should be done carefully and gently. After each addition or removal 


of the load, wait for 1 minute in order to allow (i) the spring to 
increase or decrease in length and (ii) the os¢illations to subside. 


4. The pointer should be so adjusted that it is not just touch- 


ing the scale, otherwise it will rub against the latter and correction 


} reading of extension shall not be obtained. 
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Sources of Error: 


l. The weights used may not be standard weights. 
2. Error may occur in reading the pointer positions. 


ORAL QUESTIONS 
"Same as in Experiment 33 
Experiment 33 н 


To study . graphically the stress—strain relationship for a 


steel wire using Searl’s Apparatus and to determine the Young's 
Modulus for it. i 


Apparatus : 


Searl’s apparatus with steel wire, Screw gauge, Metre-rod, 
Slotted weights with hanger. 


Formula Employed B 


: The Young's Modulus (Y) for the material ot а wire is given 
y 


_ MgL SUR 
|= EUM dyne cm? 


where M —mass suspended from the wire ; 
L=original length of the wire; 
r=radius of the wire ; 
I—change in length of.the wire. 
"Theory : 


little. Let this extension be ‘cm. Then the 


produced in the wire is 11. If the area of cross-section of the wire 


the set up in the wire in the equilibrium 
State is given by Mg/A. Then, from definition, the Young’s Modulus 


y= Longitudinal Stress — Mg/A Mg.L 
Longitudinal Strain = IDE БАЗ Р 


If the radius of the wire be ‘r’, then A—nr? 


.Mg.L 
and Y= ar, 7 


. neous, 


' structure hasbeen revealed. This property of t 
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Procedure: 


(i) First of all determine the pitch 
and the least count; of the micrometer 
Screw. Hang the hanger ‘H’ in the hook 
*B' of the frame Е, connected to the ex- 
perimental wire ‘b’ to remove any kinks 
present іп it and to keep it*' taut. Also 
suspend the dead weight ‘W’ from the 
other hook A to keep the reference wire 
‘a’ straight. 


Now without taking any readings 
add a few weights, one by one, then re- 
move them one by one. This **operation 
Should be repeated twice от thrice and 
care should be taken that the weights 
are placed gently. 


(ii) Find the diameter of the wire 
'b' with the screw gauge at six different 
places. At each point, measure the 
diameter in two mutually perpendicular 
directions. 


(ii) Now by turning the micrometer 
screw (M) bring the air: bubble of the 
spirit level in the centre and note the read- 
ing on the. pitch scale and the disc scale- 


(iv) Calculate the breaking load and hence permissible load toni 
the given steel _ wire by the formula. 4 
Breaking load — Breaking stress area of 


-. {Permissible load—4 of the calcul 
Do not place the load on the wire more than the perm 
keep the wire withim elastic limits. 


Fig. 33.1 Searle's 
apparatus 


cross-section in cm? 
ated breaking load. 
issible load to 


а a 
*If this is not done the values of the first few extensions shall be cr 


T iti the 
**A wire shows some irregularity in extension when DU d ed 
first time ; but when the loading and unloading is carried extension becomes 
the wire attains a steady state and the behayiour regarding, Ai the 6:51 time 
uniform. This indicates that the wire which is strained "or "e recover for 
must have developed a structural change in itself which could Pot ions ofa 
some time. This has been verified by taking photostanhe nre in the surface 
wire before and after loading where a remarkab Sires is generally named 


“Elastic Fatigue”. cir- 
{Нооке'з Law is valied within “Elastic Limit” only. e EES 

cumstances Should the wirebe loaded with more qr stress for the Wire, 

lead and this: permissible load is given by half the brost me Suus 

since this elastic limit ensues just after the application of this i 
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(v) *Place gently half a kilogram weight in the hanger H and 
wait for about two minutes. This will result in the extension of 
the wire and consequently the air bubble will get. displaced. Bring 
back the air bubble in ils standard position, ie., the centre by rais- 
ing the screw and note the reading of the micrometer scr w. The 
"difference between two readings of the micrometer screw. gives 
the extension produced by half-a-kilogram load. 


Now gradually increase the load in equal steps of half-a-kilo- 
gram upto the maximum permissible load, adjust the spirit level 
and note the reading of the micrometer screw-each time. Move the 
screw forward by about one revolution and note its reading again 
by turning it back till the bubble is in the centre. This reading will 
be nearly or exactly equal to the Previous one depending upon the 
amount of back-lash present in the screw. The screw should always 
be moved in one direction to avoid error due to. back-lash. 


(vi) Now -remove the load in steps of one half-a-kilogram 
weight till all weights except that used to keep the wire taut have 
been removed. Take the reading of the micrometer screw after 
each weighthas been removed. The readings of the micrometer 
screw for various weights ‘taken when the wire is being’ unloaded 
should agree closely with those taken when the wire was loaded. . 
Ifthey do not agree, then it means that the experimental wire was 


initially not free from kinks and hence this set of observations 
Should be rejected. Now load the wire with heavier weight to 
remove the kinks and repeat tlie 


) | process tilla satisfactory set of 
readings is obtained. š 


(vii) Measure the length of the experimental wire ‘b from the 
point of support to the pin-vices, i.e. 


I » to the place where the wire - 
is fixed to the rectangular frame. 


(viii) Now take the mean of the two re 
screw for the same load and calculate the 
as given in observation table. The Teading for this purpose should 
be so coupled that no reading is used twice otherwise that reading 
will become useless when the mean is taken. 


adings of the micrometer 
mean extension of the wire 


(ix) Plot a graph between load and extension taking load on 
the X-axis and extension on Y-axis with suit: ` 


*For instance, for one particular steel wire the. radius was found to be 
0:22cm. Hence the area of cross-section of Һе. wire =rr*—= 3-14 x 0:22) = 
0:00152 cm*. From the table of constants, breaking stress for Steel — 110 х 10° 
dyne/cm*, Hence breaking 1oad—0:00152»: 110 x 10° dyne=16 kgm (nearly). 
Therefore load greater than 8kgm should not be applied to this particular 
7, TQ, 
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*Observations and Calculations : 
Pitch of the screw gauge—1 mm 
No. of divisions on the circular scale— 100 div. 


Least count of the screw gauge— jg =9°0! mm=0'001 cm 


Zero correction of the screw gauge—0'0 mm. 
Diameter of the Wire : А 


RUD UM MM УУ шар аы E 


S. No. Reading along | Reading along a Mean corrected 


any diameter perpendicular dia- diameter in cm 
| in mm meter in mm 
КИНИНИ э re 7X Tn et 
Т. 0:64 0°65 : 
2 064 . 0:64 
3. 0:65 0°65 0:0644 
4. 0 65 064 
57 0°65 0:64 
6. 0:64 0:64 


Radius of the experimental wire ‘r’=0°0322 cm 
Pitch of the micrometer screw—1'0 mm 
No. of division on the head scale=100 div 
Least count of the micrometer screw—0'01 mm 


Extension of the Wire : 


Micrometer Screw readings in 
mm 


Extension | Mean 
extension 
(D for 

2 kg 


Weight 
in the 
hanger 
*H' in 
kg 


S. No. ` 
Unloading (x+y) 
(y) 2 


.*Students should carefully note that the reading entered herein were 
obtained for a particular wire. They should enter here the ctual values obtained 
by.tnem in their laboratory. 
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Length of the wire (L)—259'5 cm 


w Mg.L 
Young's Modulus “Y’= ТЕ 2j 
2x 1000 x 981 х 259'5 2X981 х 2595 


—73:143:(0:0322* X0:1275.— 314 x 0227 x 1275 ~ 10" 
log Y—log 2-Hog 981--log 2595+10 log 10—1og 314—2 log 322 
—log 1275 
—0:30104-2:9917-4-3:41424-10:0—2:4968— 5:0159 —3:1055. 
=22'7069—10°6182=12'0887 
.. Y=12'27X 10! dyne/cm? 
=12°3 X10" dyne/cm? 


Graph: 
Average value of extension (1) for 2 kg from the graph 
у —0:1270 cm. j 
A y=Ms-L 123x10" dynêcm™ 
nr?. 1 
Y 
Е 
о 
= 
c 
2 
” 
с 
© Scale 
a 1-Big Square .... Kg 
1 Big Square ..... cm 
o Load(in Kg) —3» X 
Fig. 33.2. 
Result : 


Young’s Modulus of Elasticity (Y) for the 
^ —]12:3Xx 10" дупе cm7? 
Actual value from the table 
—]124x 10" дупе cm? 
difference 
Actual value 1000 
=0°8%. 


given copper wire 


Error= 
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Precautions : 

1. There should-not be any kinks in the wire. It should be 
loaded heavily at the start to remove the kinks as described in the 
procedure. 


2. The wire should not be loaded beyond elastic limits. 


3. The loading or unloading should be in egual step ($ kg) 
and should be done carefully and gently. 


After each addition or removal of the load, wait for two 
minutes in order to allow (i) the wire to increase ог decrease in 
length, (ii) the oscillations to subside and, (iji) the wire to attain 
the room temperature. ` 


4. The radius of the wire should be determined at various 
points and at each point in two mutually perpendicular directions. 
This is because a small error in the measurement of 'r' will result 
in a large error in the value of Young's Modulus. 


5. While cal i ‘on from the mean readings of 
culating the exteri students are warned 


the micrometer screw for various loads, the 
against taking difference between the two consecutive readings. If a, 
b, c, d,......h be the mean of loading and unloading the successive 


difference will be (b—a), (c— b)......(h—g) and their mean. 
0-а). ав) | (b= 0) 
0 арр Т 


Therefore only first and last readings ате Tu eel ee 
have been wasted. But if the mean of (e—a); (IP): te 
(4—d) is taken, all observations are utilised: 

6. Before every reading of the micrometer screw, the bubble 
of the spirit level should be brought at the centre: t 

7. The micrometer screw should always 
same direction to avoid back lash error. i 

8. The length of the wire (L) is the length et e rre 
mental wire ‘b’, and not that of the reference Wire 0. 

9. Th> graph should be smooth and should pass through 
nearby all the points. 


be rotated in the 


Sources of Error : 


(i) The weights used may not be 5 
(ii) The wire may not be of uniform area Oe 
throughout its length. 
(iii) The radius of the wire may chaoge while 1 
loading. 


tandard weights. 
section 


oading or un- 
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ORAL QUESTIONS 


Q. 1. What is elasticity 1 4 er 

Ans. All material bodies when subjected to suitable forces, 
suffer a change either in size or in shape or in both and get deform- 
ed. When the deforming force is removed the body tends to come 
back to its original condition. This property of a body by virtue of 
which it regains its original condition after the. removal of the 
deforming force is called elasticity. 

О. 2. What are (i) Elastic bodies, and (ii) Plastic bodies ? 

Ans. Bodies which . recover completely after the removal of 
deforming forces are called perfectly elastic bodies and those which 
do not show any tendency to recoverare called perfectly plastic 
bodies. : 


In actual practice, we have no perfectly elastic or perfectly 
plastic bodies, the difference being that of a degree. 


Q. 3. What is stress? When is stress called (i) compressive, 
(ii) tensile ? 


Ans. The deformin 


he defor g forces applied to a body give rise to 
` forces of reaction inside i 


8 t, tending to restore it back to its original 
, condition. This restoring force ‘set up inside the body measured 

per unit area is called stress. It is equal in magnitude but opposite 
- in direction to.the 


applied deforming force per unit area provided 
the elastic limit is not exceeded. Р 57 BEY 


If the deforming force is trying to press the body, the stress is 
named compressive stress but if the deforming force be of -a nature 
` of pull or tension, the stress is called tensile stress. 


О. 4. What are the units of stress 2 


Ans. Its units are dynes/cm* in C.G.S. System ; newton/ 
metre? їп M.K.S. system and S.I. system. 


О. 5. What are the dimensions of stress ? 
Ans. Its dimensions аге ML-!T-?, 


Q. 6. What are the different types of stress? Define them. 
Ans. Stress is of three kinds : 
(i) Longitudinal stress---.-.it is force 
produces а change in length. 
(ii) Volumetric stress-....it is force 
produces a change in volume. 


(iii) Shearing stress--...-it is force per unit area which 
produces a change in the shape of the body, 


Q. 7. What is strain? Mention the units of strain. 


. Ans, Due to the deforming force, there is a change in the 
dimensions of the body. Strain is defined as the ratio of the change 


4 


per unit area which 


per unit area which 
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in configuration to the original configuration (i.e., original length or 
volume). ‘ 
. "Since it is a ratio, it has no units. е 
Q. 8. What аге the three types of strain 1 Define them. 
Ans. (i) Longitudinal Strain—it is change in length per unit 
length. : E 
(ii) Volumetric Sirain—it is change in volume per unit volume. 

: (iii) Shearing Strain—it is change in shape due to relative move- 
ment of some plane of the body with respect to other. It is measured 
by the angle through which a side is turned.’ 

9,9. Which comes first—stress or strain ? | \ 

Ans. Stress depends upon strain, i.e, strain is an indepen- 
dent quantity. This is because unless deformation is produced 
there is no restoring force set up inside the body. 

Q.10. What is elastic limit? j 

Ans. The limit upto which extension ís proportional to the 
tension and the body Tegains its original position after the defor- 
ming forces have been removed, is called elastic limit. 

Q. И. What is yield point ? 4 ; 

Ans. The yield point is the point at which the wire begins to 
flow, thinning uniformly even without any increase in the load, 

Q.12. What is breaking point? 

. Ams. After yield point, a stage is reached 
on increasing in length and ultimately breaks. 
breaks is called breaking point. 

Q.13. What is breaking stress ees 
Ans. The minimum toad with which the wire breaks is ae 
breaking load. Breaking load per unit area is called breaking stress. 
Q. 14. What is stress—strain curve? 
Ans. E 
wire of Tee of YIELD POINT MAXIMUM 
cross-section is suspen- /LOAD 
ded from a rigid support ELASTIC Бч 


when thc wire gocs 
The point where it 


and is stretched by hang- - IMIT ` 
ing a load at the other $t BREAKING 
` end. If the load is in- ne 


creased gradually, the 
leugth of the wire also 
increases accordingly. If 
the values of stress and 
corresponding strain are 
d at various (ө) _ STRAIN —> 
stages and a graph is 
plotted between them, Fig. 33.3 Я 

then the stress-strain, curve is obtained as shown in Fig. 32.3. 


STRESS— x 
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Q.15. What is Hooke's Law ? Who stated Hooke's Law? 
Ans. According to Hooke’s Law, stress is proportional to the 
strain, within the elastic limits. — . i 


Robert Hooke stated this law. : 


Q.16. What is Young's Modulus of Elasticity? What are it 
units ? 3 : 


Longitudinal Stress 
Longitudinal Strain 
Е 


Ans. Young's Modulus (Y)— 


=F where F=force applied 


L 
a=area ; J=change in length ; 
L=originai length 
Units : 
C.G.S. > dyne/cm* 
M.K.S. > N/m? 


Ф. 17. What is meant by tensile strength ? 


Ans. It is the value of breaking stress per sq. mm area of 
cross-section. 


Q. 18. What is permanent set 2 


Ans. If we increase the load beyond elastic limit and then the 
deforming forces are removed, the wire does not regain its original 
position but attains a permanent extension. This is called permanent 
set. 


Q.19. What is elastic fatigue ? 


‚ү Ans. When two wires, one quite new and other an old one 
which has suffered many strains, are made to oscillate together, the 
older one comes to rest earlier. The older wire is said to have elastic 
fatigue. 


Q. 20. What do you mean by elastic after-effect 2 


Ans. When the deforming forces are removed, the body takes 
time to come back to its original condition. This delay js called 
elastic after-effect. 


Q.21. What is the effect of temperature on the modulus of 
elasticity ? Х 


Ame. The value of modulus of ciasticity decreases with rise of 
tempcratuso. : 
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Q.22. Are there metals whose elastic properties do not change 
‘with temperature ? з 

Ans. Yes; these metals are called Elinvars which are alloys 
of nickel and steel. Their elasticity does not change. 

Q.23. Is there. any practical application of the knowledge of 
elasticity ? 

Ans. Yes. With its knowledge we can calculate the force 
which a girder or the piston rod of steam engine, etc., can with- 
stand. 

Q. 24. Which is more elastic—steel or rubber? , 
to steel and rubber, less strain 


Ans. If equal forces a lied T 
1 pé Therefore steel is more elastic 


is produced in steel than rubber. 
than rubber. 
Q. 25. Why do we use long wires? ! 
Ans. So that the extensions may be large and may be measu- 
red accurately. 
Q. 26. Why do we use two similar wires ? 
Ans. To avoid error due to yielding of the support and in — 
crease in length due to change in room temperature. 
Ф. 27. Why do we wait before taking reading after each load- 
ing and unloading ? 
Ans. So that the wire may cool 
ture and to allow the wire to increase o 
Ф. 28. On what factors ‘Y’ depends ? TTA 
: i the 
Ans. It depends upon (i) the. nature of the materia! o 
body, (ii) form im which. the body is taken and, (iii) temperature 
of the body. : 
©: 29. Does 'Y' depend on the diameter of 
Ans. No; it docs not depend upon the diame 
on nature of the material. 
Q.30. Which measurement should be most accurate? 1 
nd the radius of the wire (r)) A 


Ans. Cha i 1) а ч i 
. small error in ther metui E kr <¢” results in a large error in the 


value of ‘Y’ because Y= МЕЛ. 
7 nr? l 


Q. 31. What is Poisson's ratio? 
ed as the ratio of lateral contrac- 
when a wire is stretched ina 
nitial length and diameter 


down to its original tempera- 
r decrease in length. 


the wire ? 
ter. It depends 


_ Ans. Poisson'sratio is defin 
tion to the longitudinal extension Neel 
linear direction. If L and D be tbe 
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respectively and / and dbe the. increase in length and decrease in 
diameter, then 


d 
Bosca ee) PE) od 
018801 8 ratio с: d ED р: 
L 


Since it is a ratio of two similar quantities, it. has no units 
and no dimensions. З 


Р 0.32 Why is it advised to rotate the screw in the same: 
direction?  - 


Ans. To avoid backlash error. 


Q.33.. Is there any change in the value of Y if a larger or 
thicker wire is used ? 2 

Ans. Yes. Young's Modulus of a 
tional to the length of the wir 
area of cross-section of the wire. 


wire is directly propor- 
е and inversely proportional to the 


Experimént 34: 
To study the variation in length of. а rubber band with applied 
orce (beyond elastic limit). 
pparatus : 


Rigid support, Peg or nail, 


Thick rubber string, Pan, Slotted 
weights of 50 gm each, a fine point 


er, Vertical scale in mm. 
Theory : 


ng 
cm. Then the longitu- 
dinal strain produced in the rubber string is A 


cross-section of the rubber string be ‘A’, 
` up in the string in the equilibrium state is given by Ме: Тһе 
Young's Modulus (Y) for the rubber string is given by 


Mg 
y= Longitudinal stress A Mg ү 
Longitudinal strain did CUN 


extends in length. Let this extension be 7” 


If the area of 


then the normal Stress set 
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If the radius of the rubber string be ‘r’ then A—nr*. 


Hence 
Мег 
еы тг2.] 
pee B 


PEG OR NAIL 


|—THICK RUBBER | 
STRING 


VERTICAL SCALE 
FINE 
POINTER 


SLOTTED WEIGHTS 
OF 50 gm EACH 


Fig. 341. Improvised apparatus for stress-strain relationship 
ы for rubber string 


Procedure : 


As , Set up the apparatus se shown in, 
a sufficiently thick rubber string from & 

on the wall of the Physics Laboratory: Also suspend ће барара 
the slotted weights to the other end of the rubber s Which moves 
a fine pointer near the lower end of the rubber и er is on the 
over a vertical scale. See that the UP of the po! 


scale. 

} 2. Find the diameter of the rubber string Piu Ne At 
gauge at six different places when the hanger s О rU cul 
each point, measure the diameter in two mutually perpendicular 
! 
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directions. While measuring the diameter, the string should not 
be pressed too hard. 


3. "Find the least count of the scale and suspend the hanger 
of the slotted weights (the hanger itself weighs 50 gm) gently and 
wait for some-time so that the rubber string attains the full exten- 
sion. Now read the position of the pointer on the vertical scale. 


Place a 50 gm weight in the hanger gently and wait for about 
2 minutes. This will result in the extension of the rubber string. 
Note the reading of the pointer on the scale. The difference between 


the two readings on the scale gives the extension produced by 50 gm 
oad. 


, 4. Now gradually increase the load in equal steps of 50 gm 
upto the maximum permissible load and note the corresponding 
reading of the pointer on the scale each time. ' 


5. Now remove the load jn steps of 50 gm weight till all 
weights except the weight of the hanger have been removed. Take 


the corresponding reading of the pointer on the scale after each 
„weight has been removed. 


The readings of the pointer on the scale for va 
taken when the rubber string is being unloaded should 
with those taken when the rubber string was loaded. 
notagree then it means that w 
elastic limit. 


6. Measure the length of the rubber string from the point 
of Support to the place where: the rubber String is fixed to the ^ 
anger. 


rious weights 
agree closely 


If *they do 
е are not keeping the load within the 


, ,9. From the graph, find out the mean extension ‘I’ for a defi- 
nite load (say-100 g) and determine Young's Modulus. 


Observations and Calculations : 


Pitch of the screw gauge— 


350099 mm 
ene { 
No. of divisions on the circular $cale—...... 
Least count of the screw gauge ...... mmc ...... cm. 
Zero correction of the screw gauge=......mm 


*Pasticularly the zero weight in the hanger readings, 
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Diameter of the Rubber String : 


UE rri WETTER OS JA 22 


Reading along | Reading along Mean corrected. 


S. No. any diameter a perpendicular diameter (d) 
in cm diameter in cm in cm 
JUNE E НЫБ S on o E E 

1. | 8 

2 "Mic TEE 

3. 

4. ; 

5. | : 

6." ; 
Mean radius =т= E Xm 

Length of the rubber string (i) cm, (D em» (dii) ......cm 


Mean length of the rubber string =L=......® 
Extension of the Rubber String : 


ILLAE r 


inter on the vertical scale in cm 


0 : Reading of the po 

‚ Weight in £ jon han AM ннн a NE 
the hanger Mean 

ing Loading ` Unloading )چ(‎ 


в) 9 2 
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Determine the average value of extension ‘!’ for 1007р from 
the load-extension graph. 
Y YIELD POINT МАХІМОМ 


OINT 


te Nate 
E ELASTIC NT. 
E) LIMIT ДЫ 
> BREAKING + 
б' Р 

e 

z 

ш 

e 

w 

MS 


LOAD Ng => — X 


Fig. 34.2. Stress-strain curve, 


Substitute the values of M, L, J and r in formula 


v- MEL. and calculate the value of “Y”. 


Result : 
The Young's Modulus for the rubber string 
: M dynes/cm* 
Precautions : 


l. The rubber string should not be loaded beyond elastic 
limits; 2 

2. The loading and unloading should be done in equal steps 
(50 gm) and it should be done gently and carefully. 


3. After each addition or removal of the load, wait for 


fome time in order to. allow the string to increase or decrease in 
ength. 


; 4. The radius of the rubber String should be determined 
carefully at various points and at each point in two mutually per- 
pendicular directions. 4 


: This is because а small error in the 
result in a large error in the value of ‘Y’. 


5. While measuring the radius, the String should not be 
pressed too hard. 


6. The rubber string used should be sufficiently thick so that 
the extension produced by 50 8 Wt. is not very large. 


measurement of ‘r’ will 
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Sources of Error : 
(i) Yielding of support and change in room temperature. 
(ii) Change in the area of cross-section 
(iii) Weights used may not be standard weights. 


ORAL QUESTIONS 


[Same as in experiment 32.] 
Experiment 35 : : 5 Ий, н 

To find the spring constant of a helical spring by measuring tir 
period of vertical oscillations of a known load and check by measuring 
its extension by a known force... { 
Apparatus : 

A helical spring, metre scale, 1 
watch, light pointer for spring, hanger wit 


clamps and stands, stop- 
Pus h slotted weights, 1 kg. 


weight. 
EQUILIBRIUM_ _ уи س س س‎ EANN 
POSITION | F 
PULL аг 
RIN 
PULL OF 7 fonce i 
PULL OF SPRING ne 
SPRING F 
NET 
. FORCE 
E mg (F) 
mg 
"m (B) (C) 
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Theory : 


If a mass is oscillating back and forth with simple harmonic 
motion, there. must bea force acting. For example, you hang. a 
mass carefully on a spring, letting it hang at Test. Ifthe massis 
pulled down asin Fig 35.1, the spring pulls it back toward its - 
equilibrium position. If the mass is lifted slightly, gravity tends to 
pull it down. Whenever the mass is displaced, there is a force pull- 
ing it back to the equilibrium position. If the displacement is up 
(positive), the restoring force is down (negative). If the displace- 
ment is down (negative), the restoring force is upward (positive). 
The restoring force is opposite in Sign to the displacement. 


The force is related to the acceleration by Newton’s Second 
Law, F=ma. In simple harmonic Motion, the acceleration is des- 
cribed by $ 


ЕЕ Y, where y is е displacement 
Applying Newton's Second Law, 
Е=та= —mw'y 
I s is of the form F=—ky 


4п? т. 


where k=mo*= T 


These last equations form the basis for the definition of motion 
of the type called simple harmonic. If an object moves. under the 
influence of a force described- by F=—ky, then S.H.M. will result 
and the period will be found from the relations 


2. 
t= 4n?m 


T? 
T=2n m 
is ү? 


Forces of the form F=—ky occur fre uently in nat itua- 
tions because the force exerted by elastic materiel is TE 
such an equation, with k being called the elastic constant and y the 
deformation. The minus sign occurs because the force needed to 
deform an elastic material by an amount yis described by F—ky, 
but the material pulls back on whatever is Producing the distortion 
by F=—ky. This type of force is illustrated in Fig. 35.2, and it is, 
in fact, the force described by Hooke’s law. 
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quc 


Vices Canes 
EQUILIBRIUM 


| 
p ihe 
|| 


А REPRESENTATION OF A FORCE DESCRIBED BY 
Е = -KY, THE TYPE THAT RESULTS IN S Н.М 


Fig. 35.2. 
Procedure : S 
l. Set up the apparatus as shown in Fig. 35.3. йй, 
2. Attach a suitable mass (m) say 1 kg at one end of a helica 
" quee the spring vertically. e 
. Full the weight down through a small distance 
go. The mass suspended by the i set end of the spring would start 
executing vertical oscillations, Find the time for Say 10 oscillations 
with the help of stop-watch and then calculate. its time-period (T) 
and hence find the spring constant (k) of the helical spring from 
the formula : 


й = 4n! т 
T=2n yZ pi k= 


sprin 
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Fig. 35.3, 


4. Also determine the value of the Spring constant (k) by 
measuring its extension by à known force as explained in Expt. 32 
This will help you ia checking its value. d 5 Š 


Observations and Calculations ; 
Д Mass of the load= i= 
Least count of the Stop-watch = 


5. No. No. of vertical 


Time (t) for n Time Period 
oscillations vertical oscillations in Sec t 
(л) T=— 
Белине E Асе SEA e ШЫ n 
in Sec 
1 2 Mean 
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Spring Constant (k)— ELE 


—..--Nm^ 
Verification : 
S. No.| Force ` Pointer reading in Extension Spring. 
(F) mm (o constant 
in N in mm ` F 
es ee Kc 
Loading Unloading Mean (in Nm) 
1 
| | 
1 
i ! 
i | 
` Mean Value= 
Result : 
Spring constant (k) 
of the given helical spring=-.....Nm— 
Precautions : 
[Same as in Expt. 32] 
Precautions : : 


(1) to (4) same as in Expt. 32. 


а А litude of 
(5) While oscillating the spring see that the amp 
oscillations is small and the spring oscillates п a vertical plane. 
for this purpose employ 


(6) Note the times very carefully and i 
an accurate stop-watch. The time periods occur Se 
formula and hence any error committed in their evalu 8 
introduce double the error in the results. 


Sources of Error : 
(Same as in Expt. 32). 
ORAL QUESTIONS 


(Same as in Expt. 32.) ` 


1 
P [SECTION H 
Experiment 36 : 


(a) To study the relation between length and tension for constant 
frequency of a stretched using a sonometer. 


(b) Determine the frequency of a tuning fork. 
Apparatus :. 


A sonometer, the given tuning fork, a rubber pad, sensitive physical 
balance, weight box, solid kilogram weights, paper rider. 


ry: 
eoe BRIDGES SCALE 
WIRE 7A N IN cm 
PEG *RICTIONLESS 
WOODEN 
SOUNDING 
BOARD —— 


5 WEIGHTS 


Fig. 36.1. Sonometer 


When the wire of the sonometer (Fig. 36.1) having certain tension is 
plucked in the middle, it is thrown into stationary vibration having nodes at 
the two edges of the bridges and an antinode in the middle. The volume of 
the note emitted by the wire is considerably increased with the help of the 
sounding board due to the forced vibrations imposed by the vibrating wire 
upon it and the air contained therein. 


When the note emitted by the sounding length of the wire is in unison 
with the tuning fork, the frequency ‘n’ of the later is given by 


where A = wave length 
1= length of the vibrating segment of the sonometer wire 
T=Tension applied to the wire 
=Mg where M is the total mass suspended from the wire. 
m= mass of the wire per unit length. 
Procedure : 
(1) Check that the pulley of the sonometer is frictionless and 
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then stretch the sonometer wire with a suitable known tension by 
placing weights on the hanger. Sound the tuning fork by gently 
striking it at the end of a prong against a soft rubber pad and place 
it on the top of the sounding box, A loud sound will be heard. Now 
starting with a small length of the wire between the bridge, *pluck 
in the middle so as to excite its fundamental mode of vibration and 
compare its note with that of the tuning fork. : 

(2) Now shift the position of one of the bridges so as to 
increase the length of the sounding wire till the frequency of the 
tuning fork is very nearly equal to that of the wire. -This will be 
apparent from the appearance of beats, when the two are sounded 
together. Shift the movable bridge slowly till the beats appear to 
be drawn out, meaning thereby that the number of beats diminishes 
and the frequency of the wire approaches that of the tuning fork. 
Finally move the bridge further till the beats disappear and the two 
аге in unison, 

If in this position a small paper rider (V-shape) be placed on 
the middle of the wire, it will be energetically thrown off. | 

(3) Now measure carefully the resonant length of the wire 
between the bridges on the scale. i 

(4) Repeat the experiment twice for the same load. «Take three 
sets of observations for three different loads. 

(In the process of increasing the load on the hanger, be care- 
ful not to stretch the wire beyond the elastic ИШЕ, goce 

(5) Next cut off a length (preferably one metre) of ti d 
weigh it in a sensitive RAE balance and thus determine its g> 
per unit length and then calculate ‘n’ from the formula given above. 


Observations : 


Length of the wire (between |= 
Load |\Бы the bridges) in unison | 
S. lapplied|= = 5 
Ао.) (M) |SU F] 
ke |=) (1) | (2) | o | Mean I$ 
cm cm cm (4) em 
1 


Меап n= Lu Hz | 


* Avoid the use of finger nails in this process. 
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Calculations : 
Length of the wire =a=......cm 
Mass of length ‘a’ cm of wire=x=......g 
Mass per unit length=m= == como g/cm 
ae S TÉ 
Now n 2l zi 
-l [Mg 
m 
where g= Acceleration due to gravity at a place. 
TE IME 
Hence n dm Ton 
ПЕ Vibs./sec (ог cycles/sec) or hertz. 


Note: We can also calculate ‘n’ from the graph between 
T (—Mg) and /?, which is a straightline. From this graph read off 
T and /? for any point lying on it and calculate the frequency “т. 


Result : 


i Mg Tension 
(a) Since M E — constant, therefore eo =constant 
(b) the frequency of the tuning fork 


(i) as determined experimentally=............ Hz 
(ii) as given on the fork itself= 


Precautions : 


ge The sonometer wire should be uniform and free from 


2. For bringing the wire in unison with the tuni 
237 a ng fork, 
start kis ie small length of the wire and alter the length in small 


р Ба Unison should always be tested by the method of removal 


4. While finding out the te 
to add the mass of the hanger. 


5. While increasing the tension of the wire,- 
the wire is not stretched beyond elastic limit, Morice Ша 
before starting the experiment have an idea of the magnitude че Te 
breaking load of the given wire with the help of Table of Physical 
constants. 


nsion ofthe wire, do not forget 
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6. Theexcited tuning fork should be placed vertically with 
its stem pressed against the top of the sounding box. 

7. The tuning fork should never be struck against a hard 
surface and when excited should be held in hand with its stem. 

8. After completing the experiment remove weights from the 
hanger. Under no circumstances should the wire be left in a stretched 
condition. 

9. In plucking a string to excite its note, care should be 
taken to avoid touchingthe string with the finger nail as this may 
introduce overtones. The string should be pulled aside between the 
thumb and the finger. 

Sources of Error: 


П Tm TA 
1. In the derivation of the formula n= L it has been 


assumed that the wire is perfectly flexible. Hence due to thé rigidity 
of the experimental wire, an error shall creep in the result. i 

2. If the wire is not uniform or if its composition is variable, 
then also the result will be erroneous. nae eae 

3. In this horizontal pattern of the sonometer, there is alwa 
‘present some friction at the pulley ; hence the value оГ tension is leas 
than.that actually applied. This consequently affects ае o : 
frequency. Moreover the tension on the two sides of the bridges may 
not be the same. Р nis E 

4. There is always some practical difficulty tor 3] 
cially when it is untrained) to establish perfect unison in two musical 
sounds. 


ORAL QUESTIONS 


Q. 1. How is sound produced? MEUS " 
Ans. Sound is produced due to vibration of a body. 


Q. 2. Can sound travel in vacuum ? ] ium i 
Ans. Sound cannot travel in vacuum. A material medium is 
necessary for its propagation. 


Q.3: What is a wave motion ? A C : 
Ans. Wave motion isthe disturbance bine ааа 
material medium and is due to the repeated motion n being handed 
of the medium about their mean position ; the motion 
Over from one particle to the next. : д iod : Е, 
Q. 4. Define S.H. Motion; Vibration ; Time Period ; re. 
quency ; Phase ; Phase difference and Amplitude. гаас зай йо be 
Simple Harmonic Motion (S-H.M.): А ра roportional to its 
executing S.H.M., if its acceleration is always, DESETO s directed 
distance from some fixed point in its path and is М 
towards that point. 
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Vibration. One vibration is the to and fro motion between 
two consecutive passages of the particle in the same direction. 


‘Time Period (T). The time taken to complete one vibra- 
tion is called the time period. 


Frequency (n). The number of vibrations completed by the 


vibrating particle in one second is called the frequency. 


= Phase. The phase ofa vibrating particle at any instant is its 
state as regards its position and direction of motion. at that instant. 
lt is measured either in terms of angle that the particle has descri- 
bed or the time that has elapsed (measured as the fraction of time 
period T), since the particle last passed through its normal position 
in the positive direction. 


Phase difference. Phase difference between two particles indi- 
cates the extent by which the two particles are out of step with each 
other. It, too, is measured by the time (denoted as a fraction of T) 
by which ore particle is ahead of the other. 


Amplitude. The maximum distance ‘covered by the vibrating 


particle on either side of its mean position is called is amplitude 
(Fig. 36.2) 


AMPLITUDE 


Fig. 36.2 
Q. 5, What are the types of Wave Motion ? 
Ans. (1) Transverse wave motion. 
(2) Longitudinal wave motion. 
Q. 6. What is a transverse wave ? 


. Ans.]tisa wave in which the particles of the medium in 
which the wave propagates, vibrate along a line which is perpendi- 
cular to the direction of propagation of the wave. 


Sound travels in the form of trarisv 
fs a Transverse Waye. 
Q. 7. What is a longitudinal wave ? 


Ans. A wave motion in which the individual particles of the 
Medium vibrate back and forth along the direction of Propagation 
of the wave is called a longitudinal wave motion. 


erse waves in strings. Light. 
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Q. 8. Define wave length. 


Ans. It is the distance travelled by the wave during the time 
the vibrating particle or any other particle of the medium of propa- 
gation completes one vibration. It is denoted by the. letter A 
(Fig. 36.2). - ў 


Ф. 9. Can transverse waves be produced in air ? 

Ans. No, because air does not possess elasticity of shape. 
Q. 10. What types of waves are sound waves ? i 

Ans. Sound waves are longitudinal waves. 


Q. 11. What is the relation between frequency and time 
-period ? 


Ans. The reciprocal of time period is called frequency. 


au 
=a 


Q. 12. Why is the tuning fork so-called ? 


Ans. Because it produces a musical sou 
has the shape of a fork. ic 


Q. 13. Why the tuning fork has two prongs 2 h ü 

Ans, Firstly in order to have 4 node between ie O 
nodes which are produced at its, ends. Secondly if ана 
one prong the vibration will die ош as soon 48 (o dee уду 

Thirdly the two prongs reinforce each other and maintain 


vibrations for a longer time. in, 
Q. 14. What are the factors on which frequency of a tuning 
fork depend ? i 
Ans. It depends upon the length, thickness and the material 
of the prongs. Тепе ofthe 
PIS th o 
It is inversely proportional to the square cH EU 
prongs. It is directly proportions! to the thickness of the prong. 
Ө. 15. Of what material the tuning forks аге made ? ОР 
its elastici 
У Ans. Generally these are made of steel because | i 
is high and density low. This is because the frequen г, ‘of 
fork is inversely proportional to the square Ts ү, КЄ ДДТ root 
the material of the fork and directly proportional to 1 
of the elasticity of the material of the fork.- 


2-36. What is the effect of temperature оп the frequency of a 


nd when struck and 


fork 
Ans. The increase in temperature increases the length ene 
Prongs and thus frequency is decreased. 
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Q. 17. How is the effect of temperature minimised ? 


Ans. By making the tuning fork of an alloy called ELINVAR, 
which is made of steel, nickel and chromium. It has a very low 
temperature coefficient. 


Q. 18. Why do we strike the tuning fork on the rubber рай? 


Ans. To strike it gently so that only fundamental note may 
be produced. 


О. 19. What is the effect of loading the prongs with wax ? 
Ans. The frequency of the fork decreases. j 
Q.20. What is the effect of filing the prongs ? 


Ans. The frequency of the fork increases. 


Q.21. Why do the vibrations of the tuning fork stop after 
sometime ? 


Ans. Due to frictional force of air. 


Q. 22. What is the relatio 
frequency and wave length ? 


Ans. V —nA where V=Velocity of sound 


nship between velocity of wave motion 


n=frequency 
and A=wavelength 
Q. 23. What type of vibrations are produced in prongs and 
the stem -of the tuning fork ? 


. Ans. The free ends of the fork perform transverse vibrations 
while the longitudinal waves are produced in the stem. 


7 & 24. What happens if we strike the tuning fork with a great 
Orce 


Ans. It will not give pure note but overtones may be 
produced. 1 
‚ ©. 25. Why does the fork remain vibrating even when we hold 
it by the handle ? › 


. Ans. Because the handle per 
which are not Stopped by touching. 


О. 26. Why does the tuning fork give a pure note only 2 
Ans. Because the first overtone is у weak. It is about si 
octaves higher than the fundamental PM \ ene 


Q. 27. Why 
the prong ? 


Ans. Because the 
stop on touching. 


forms longitudinal vibrations 


does the tuning fork Stop vibrating when we touch 


Prongs execute transverse vibrations which 
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Q.28. Does the frequency of the tuning fork change with 
time ? Y 


Ans. No ; it remains same. Only the decrease in amplitude 
decreases the loudness of the sound because the intensity of sound 
is directly proportional to the square of the amplitude. 

Q. 29. What is the difference between a note and a tone ? 

Ans. A note is а sound of definite frequency produced by a 
periodic complex vibrations where as a sound produced by a pure 
sine vibrations is called a tone. 

Q. 30. What is a fundamental note ? 

Ans. The note produced of lowest frequency is called a funda- 
mental note. 

. @. 31. What are overtones ? 
Ans. The notes of the higher frequencies other than funda- 
. mental note are called overtones. 

Q. 32. What is the difference between frequency and pitch? 

. Ans. Frequency is the number of vibrations made per second. 
Pitch is the physical characteristic of sound depending upon fre- 
quency. The greater the frequency, the higher the pitch and vice- . 
versa. 

: Q. 33. How do the prongs vibrate even though we strike only . 
one 
Ans. Energy is transmitted from one prong to another 
through the material of the fork and thus both begin to vibrate. 
Ф. 34. Why is sonometer so-called? ak 
Ans. Because it enables us to measure the frequency of vibrat- 
ing body producing sound. ‘ 
Q. 35. Why are there holes in the wooden box? ne 
Ans. So that internal air and external air may have a direct 
contact. 
Q. 36. Why is the wooden box hollow ? к > 
Ans. So that the whole of the air inside the box may begin 
to resonate thus increasing the intensity of the note. : 
n = 37. What types of waves are produced in hE sono 
wire 5 
. Ans. Transverse and stationary waves are produced in the 
wire. 
zs Q. 38. What types of waves are produced in the surrounding 
air ? 4 
Ans. Longitudinal and progressive waves are produced in 
the surrounding air. 
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Q.39. What type of wire should we use ? 
Ans. The wire should be thin, uniform and flexible. 
Q.40. What are progressive waves ? 


Ans. The progressive waves are those in which allthe 
particles execute simple harmonic motion and. there is a regular 
phase difference between the particles of the medium. 


O. 41. What are Stationary waves ? 

Ans. When two sets of progressive waves, having the same 
amplitude and period, but travelling in opposite: directions with the 
same velocity „meet each other in a confined space, the result of 
their superposition is a set of waves, which only expand and shrink 
but | Onot proceed in either direcfion. These waves are called 
Stationary waves. 

Q. 42. Why are they called Stationary waves ? c 

Ans. They are so called because they remain confined in the - 


region in whith they are produced and are non-progressive in 
character. : 


О. 43. What are nodes? 


Ans. Nodes are those points in the Stationary waves where 
the particles are permanently at rest and strain is maximum. 


Q. 44. What are antinodes 


Ans. Antinodes are those points in the stationary waves 
where the displacement is maximum and strain is zero. 


О. 45. What is the distance between two consecutive nodes or 
antinodes ? 


Ans. It is equal to half the wave length (2/2). 

Q.46. What is the distance between a node and an antinode ? 
Ans. It is equal to quarter of the wave length (2/4). 

Q. 47. What is the function of knife edges or bridges ? 


Ans. The knife edges (or bridges) reflect the sound and 
produce Stationary waves. 


Q. 48. -Is it necessary to keep the wire horizontal 2 
Ans. No, it can be kept vertical also, 


О. 49. How is the energy communicated from wire to the 
sound box ? х 


Ans. Through the bridges. 1 
Q. 50. What are the laws of vibration of strings ? 


Ans. The fundamental frequency of vibrating string is inver- 
sely proportional to the length ; directly proportional to the square 


203 
root of the tension and inversely proportional to the square root of 
the mass per unit length. 5 ptu 

Ф. 51. How is the frequency of the wire affected. if the wire is 
made hollow ? 2 i : : 

Ans: Its frequency increases because mass per unit length 
decreases. 

Ф. 52. What is the function of a V-shaped paper rider? 

Ans. The paper rider placed atthe middle point (antinode) 
is thrown off when the resonance is obtained. 

Q. 53. What do you mean by unison ? 

Ans. The two notes are said to be in U 
same frequency. 

Q.54. Why do you start fromthe minimum length of the 
wire ? 

Ans. Sothat the wire vibrates in one segment and we may 
get the position of the fundamental note. 

Q. 55. Can we use a rubber wire ina sonometer ? icki 

Ans, No, since it is not rigid. The vibrations die out quickly. 

Ф. 56. Why is the sound зо loud when we press the stem of 
the vibrating tuning fork against the board? 

Ans. Due to forced vibrations pro 
board which has a large surface area, 50 2162 

Q.57. What do you mean by sympa 
Resonant vibrations) and Resonance. . k ia 

Ans. Sympathetic (or Resonant) vibrations аер shbouring 
are produced in a body due to the presence 0 menon is called 
vibrating body of the same frequency. The pheno 
Resonance. 

О. 58. What are beats? ` 


Ans. The altercate waxing ап 
notes of nearly same frequency are SO 
phenomenon of beats. 


Ф. 59. What are the limits of audibility ? : 
Ans. Wecanhear sounds between the frequencies varying 


from 20 to 20,000 cycles per second- 
Q. 60. What will be the nature of the € 


Ans. Hyperbola. 
Q. 61. What type of graphs will 


(b) п? and T (c) І? and T? 
Ans. Straight lines. 


nison if they have 


duced in the sounding 
ter is the loundness. 


дейс vibrations (or 


d waning of sound when the 
unded together 15 known as 


raph between ‘n and ‘I’? 


be between (a) n and 1 
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Q. 62. What type of 
Ans. A parabola. 


/O.63. How will the length between th. 
(a) tension is doubled. 


graph do you expect between n and T? 


€ bridges change if 


(b) A tuning fork of double the frequency is used. 
(c) radius of the wire is doubled. 


Ans. (a) The length will become 42 times the 
| (b) and (c). The length will become one-half. 


first length. 


Q. 64. What are the uses of a sonometer 2 
Ans. A sonometer is used 


(2) to determine the fi 
(6) to determine the 
(c) to verify the laws 


Q.65. Drawa 
vibrating tuning fork. 


requency of a tuning fork. 

weight of a given body. 

of vibrating Strings, etc. 

diagram Showing nodes and antinodes on a 


different frequency but 


Fig. 36.3 
О. 66. Will the resonant lengi 


th change if we 
keep the load same ? Л Кае a fork of 
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Ans. Yes; the resonant length will change as the frequency 
is inversely proportional to the resonant length of the wire keeping 


tension constant i.e., 
n,l;—nsl, | provided the load is the same. 


Q. 67. How does the friction at the pulley affect the result ? 

Ans. Due to friction the value of tension (Т) is less than · 
that actually applied. This consequently affects the value of the 
frequency (п) as n oc VT. 

Experiment 37 : 

To study the relation between frequency and length of a stretched 
String using a sonometer. : 
Apparatus : 

` A sonometer, wire, hanger, half kilogram weights, two wedges, . 
wooden blocks, 3 tuning forks of different frequencies, a pair of 


scissors, sensitive balance, a weight box, a metre rod, and a rubber 
hammer. 7 


Theory : 
(Same as in Expt. 36). 
Procedure : " , 
Proceed as in Experiment 36 and keeping the same tension, 
find the length of the wire which vibrates in resonance with each of 
the tuning forks. 
Observations and Calculations : 
Load including the hanger=------------Kg 


Distance between wedges 
Frequency (in cm) 


1 
S. No. @) nx 


Length Length 2 Mean 
Hz increasing decreasing D 


Eoo cwn maus и ны. > ————— 
1. 
2. 


3. 


Verification : Since nx I—constant, the law of length is verified i.e., 


tet. 
1 
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Precautions : 

(Same as in Expt. 36): 
Sources of Error: 

(Same as in Expt. 36). 


ORAL QUESTIONS 
(Same as in Expt. 36.) 


Experiment 38. 


Apparatus : 


a A Sonometer, 3 different wires, a hanger, half-kilogram 
Weights, two Wedges, wooden blocks, a tuning fork. of known 
frequency, a pair of Scissors, sensitive balance, a weight box, a 
metre rod, a rubber h : 


ammer and a screw gauge. 
Theory ; 


(Same as in Expt. 36), 
т 


2 a 


where m=mass per unit length of the wire, 
d A 
=i. D `. P where D=diameter of the wire 
and p=its density. 
nD? 

= TA 
і ei M 
Se o7 zD?.p 

ат 

orn ——— ae 


Since n, T and ? are constant so 
ID-constant 


or be 


Procedure : 


l. Stretch the wire with a load of 4 kg including the hanger 
and find the length of the wire which vibr; i 


ates in resonance with a 
given tuning fork as explained in Experiment 36, 


2. Find the diameter of this Wire as explained as Expt, 3, 
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3. Repeat with the same load and the same tuning fork for 
three different wires. 


Note: The wires may be of different materials and different dia- 
meters. 


Observations and Calculations : 


Load including the hanger —------ kg 
Frequency of the tuning fork =п=..--Н= 


: Length of the wire giving note Corrected 
Wire of frequency n (in cm) Diameter of Ix D 
No. the wire 
= (D) in cm 
Increasing | Deereasing| Mean (1) 


19 8 
E | 
а 


Diameter of the wire : 


Least count of the screw gauge =. 


Zero error— ennn 


Zero correction =. cm 


Main scale 


reading (a) | circular 


їп (mm) 


Corrected diameter (D;) of Wire No, 12........mm 


One direction 


No. 0, 


division 
colnciding 
(n) 


“Observed 


diameter 


Main scale 
reading (a) in 
- mm 


=з, 
Corrected diameter (Dy) of Wire No, 2=.. 


«cm 


Corrected diameter (Dy) of Wire No, 3==...........тш 


=н 


No, of circular 
division coins 
ciding (n) 


Mutually perpendicular direction 


, Observed 
diameter in 


mm 
= (а) +x L.C, 
(di) 


Mean Observed 
diameter 


2)4 ( 
in mm 
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Verification : 


1 
Since / x D—constant so / сс D 


Result : 4 


For the same frequency (n) and tension (T) of a stretched 
string of a sonometer, the length (/) of the string is inversely pro- 
portional to its diameter (D). t 


Precautions : : 
(Same as in Expt. 36). 
Sources of Error: 
(Same as in Expt. 36). 


ORAL QUESTIONS 
(Same as in Expt. 36). 

Experiment 39 : $ Eos. 

| 0 1 .C. mains using a sonometer. 

| Tak ae ча, Лао С 50 Hz, calculate the percen- 

tage error. 

Apparatus : 


A vertical pattern sonometer, (or Horizontal Sonometer) а 
solenoid with a soft iron core, a pan (or a hanger), пата мешн, 
chemical balance and weight box. 


SOLENOID 
d BRIDGES 


IRON WIRE 
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A C MAINS 


: STEPDOWN 
TRANSFORMER 


Fig. 39.2. Horizontal Sonometer'for frequency of A.C. mains 
Theory : 1 
The apparatus consists of а vertical pattern sonometer (Fig. 
39.1) on which is stretched an iron wire. 
number of turns of insulated copper wire 
Core along its axis is clamped near the middle of t 
Wire between the two bridges. The lower end of the wi 
Рап on which suitable weights can be placed. 


If an alternating current is Passed through a solenoid having 
а soft iron’ 


Ore, the core is temporarily magnetised twice during 
each cycle of alternation—first with’ one polarity when the oscilla- 


ire will be maximum.. If 
the tension applied to the wire be ‘T’ and ‘m be the mass per unit 
length of the wire, the frequency of vibration *N' of the wire is 
given by 


N= AW I where | is the Tesonant length of the wire. 


‘The frequency (n) of the A.C. mains will be equal to Ñ 
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Hence, n=N/2 


tus is the, horizontal 


Note. Another variation of the appara d 
tched a brass wire. 


pattern sonometer (Fig. 39.2) on which is stre 
The alternating voltage is stepped down to say 6 volts by means of 
a step-down transformer and then is connected to the wire as 
shown. .The wire passes between the pole pieces N and S of a 
permanent horse shoe magnet. The wire therefore experiences an 
alternating force due to the field of the magnet on the current in 
the wire, and for a particular length of the wire between the bridges 
it is thrown into resonance as is evidenced by a large amplitude. 
This condition is achieved when the frequency of the alternating 
current passing through the wire is equal to its mechanical frequency 
of vibration ; which is given by the formula 


ЧИ) 


The vertical pattern is preferal le to the horizontal one, since 
the friction at the pulley is pay eliminated. ^ 


Procedure : 


l. Before starting the actual experiment, h 
of the wire fi 


breaking stress for the material onal the 
ysical constants. From this ca culate х ; 
(= breaking Stress X area of cross-section of the wire) for your wire. 
During subsequent experiment the weig' 
half the breaking tension. 


2. Suspend the sonometer from 
that the pan provided below stays clear о 
_ load on the pan. ' 4 
3. Switch on the current and adjust the core Gt sthessolencid 
_ near the middle of the wire between the bridges. ) 
_. 4. With the help of the bridges adjust the length ое field 
tit begins to vibrate under. ie OAL ac ae соге should 
provided by the . During this 2005 NIAE n 
always be ated see Neuve middle of the vibrating wire. 
à " ; t attain atposition when 


Now b li ‘delicate adjustment а , 
the wire is ilitown dn. т vibration and the amplitude 


is maximum. 


the nail on the wall and sce 
f the wall. Puta suitable 


RI? 


5. Switch off the current and measure the length of the 
vibrating wire by holding a scale on the bridges and avoiding the 
error due to parallax. Record tho tension which should include the 
mass of the pan or:the hanger. : 


6. Vary the tension in suitable steps and obtain the corres- 
.ponding lengths of the vibrating wire. 


7. Now weigh in a chemical balance a known length (say 
100 cm.) of the sonometer wire and thus calculate mass per unit 
length of wire (m). T 


8. Calculate the frequency of the A.C, mains as indicated 
below. : 


Observations : 
Mass of 100 cm of wire=...g 
Mass per unit length=m=...g/cm 


Tension applied Length of the 


to the wire (in- Resonating Mean Tension n Mean 
cluding mass ‘of wire (T) in dynes (12) 
рал) чу. 


Calculations : : 


Substituting the means values of T and ја 


in the formula 


= 
€ ad "i 
l(TY- 
ص‎ [ 
we have n mi) 
-Hence nz»... .. s Hz. 


Result : 


The frequency of the A.C. Means by experiment = 
e Error e»............... 
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Precautions and Sources of Error: 


l. Thesonometer wire should be "uniform and free from 
kinks. x 


2. For bringing the wire in resonant vibration, start with a 
small length of the wire and increase the length in small steps. The 
solenoid should be so placed that the iron core is situated close to 


: the middle of the wire. 


` 3. While finding out the tension of the wire, do not forget 
to add the mass ofthe pan or of the hanger. lf a.sonometer 
employs a spring balance note down the zero error, if any. 

4. While increasing the tension of the wire, be careful that 
the wire is not stretched beyond elastic limit. For this purpose, 
before starting the experiment have an idea of the magnitude of the 
breaking load of the given wire from the Table of Physical 
constants. 


5. Inthe derivation of the formula v= lI. it has been 


assumed that the wire is perfectly flexible. Hence due to the 
rigidity of the experimental wire an error shall creep in the result. 


6. If the wire is not uniform or if its composition is variable 
then also the result will be erroneous. 


7. The tension on'the two sides of the bridges may not be 
the same, 3 


" ; s ed 

8. Ifthe horizontal pattern of the sonometer i$ employed, 

there will be an additional couse of error. There mey е гаа 
at the pulley, hence the valuc of tension is less Савт ence 
applied. This consequently affects the value of the frequency. 


ORAL QUESTIONS 
[For Questions on sonometer see Expt. No. 36.] 
Q. 1. What do you mean by A.C. máins ? 


Ans. “Main” stands for the alternator or the tea phi 
is supplying current to the town. ‘AC.’ eres Ч leae in 
supplied by the generator is not unidirectional but d after а fixed 
nature i e., the current is varying at every зона CFI 39:3) 
interval of time it even gets reversed in direction (FIg. 7 


Q. 2. What is meant by the frequency of A.C. ? PEDE current 

.Ans. If, at any particular moment, ап siege s set of 
has a certain value and is just going to Eo men Rig instant and 
variations, then the time which elapses өс ind is going t 
the moment when the current has the same và E an lod Dd us 
commence an identical set of variations is called the peri | 
number of periods in one second is called the frequency. 
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An alternating current is represented by 
ý I=I, sin 0 
ig. 39.3 represents the type of variations, thc current is 
adero Points A, B, C...are in the same Phase. The time 


6 چ‎ 
Fig. 39.3 


taken for the wave to travel from A to B is one period and the 


we we of such variations in one second will give the frequency of 
e A.C, 


Q.3. What ts the Srequency of the mains of Delhi supply ? 
' Ans, It is 50 cycles per second or Hz, [ 


Q. 4. What is meant b y the statement “50 cycles/sec” 7. . 

Ans, It.means that in one second the current flows 50 times 
in one direction and then 50 times in the reverse direction, 

Q.5. Does the current become zero also in this process ? 

Ans. Yes, It does, 

Q.6. How many times in one second ? 

Ans. 100 times in one second. 


What types of waves are being produced in the- wire of 


О. 7. 
the sonometer in this experiment ? 
Ans, Transverse stationary waves. 


Q.8. What is the distance between a node and an antinode ? 


Ans. It is equal to E i.e., equal to one-fourth of the wave 
length. н : 

Ф. 9. How do you test resonance in this experiment 2 

Aus. We test the resonance by placing the iron core of the 
solenoid near the middle of the wire between the bridges, Reson- 
ance takes place when maximum amplitude is obtained. . 

Q. 10. . What is the construction of the solenoid ? 

. Ans. It consists of a large number of closely wound turns of 

insulated copper wire, along the axis of which is placed а soft iron 
core. 


F 


. noid, the iron core situated within it is tempora 


: elose to the core, consequently it is P 
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Q.11. During the adjustment for the resonant length ‚ 
change the position of the solenoid. A do we do so? COE. 
Ans. Each time we put the solenoid in such a wa e 
: A y that the 
epis пеаг the middle of the wire between the bridges. When 
E di е vibrates, an antinode is situated atits middle point, and 
E ispoint, we place the core so thatit applies maximum pull 
Q. 12. Ifan antinode is for. i й 7 
med at the middle point o, the wire, 
then there must be nodes somewhere. Where are they? А i 
briüg a They are situated at places where the wire touches the 
Q. 13. What is this distance between the nodes equal to? 
" Б Pu 
Ans. It is equal to 3 i.e., equal to half the wavelength. 
Q. 14. Then the fre vi g wi | 
д quency of the vibrating wire should b 
by the ordinary sonometer yu Is it not 
Ans. Yes. It is. 


Q.15. Then the fre i 
quency of the mains will also be obtained 
by the same formula, since the ve in resonance. Is it now so 2 
Ac Ans. No. It is not exactly so. To get the frequency of the 
.C: mains we value the frequency of the wire. 
Q. 16. Why is it done so? 


Ans. When alternating current is pas 


e glven 


sed through the sole- 
Н rily magnetised twice 
during each cycle of alternation—first with one polarity when the 
oscillation of the current is in one direction, and then with the 
opposite polarity when the current flows in the opposite direction 


during the next half cycle. Now the sonometer wire is he 
ulled twice during each cycle 


of the current. Obviously, if the frequenc of A.C. 

will be pulled ‘2r eedem E ide If ШЕ length and tension of 

the wire is so adjusted that its natural frequency is also 2л, the wire 
н dthe amplitude of vibration o 

the wire becomes maximum. It is for this reason that the frequency 

ofthe sonometer wire is firs ith the usual sonometer 

formula and then to evaluate the fre the A.C. mains, the 


result is halved. 


0; 17. You are using an iron wire 
Cannot you use a brass vire i 

Ans. Yes. A brass wire can also be used, but in that case 

t it. Now the wire shall 


the wire should ; t 
ы carry а D.C. through 1t. 
experience: an As force due to the core of the solenoid. 


Alternatively. with a brass wire the arrangement of the sonometer 
can be modified. 


here in this experiment. 
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Q.18. How? 


Ans. In this case the A.C. voltage is transformed from 
` 220 volts to Say, 6 volts b: P-down transformer and 
i i € ends of the brass wire of the Sonometer 
(Fig 39 2). The wire pa i 


SSeS in between the’ Pole pieces of a per- 
manent horse-shoe Magnet. D i i 


Stretch the first 
your left hand in suc! 


to each other. If the first fi 


Experiment 40 : 
To find the difference in the Srequencies Of two tun, 


counting their beats and identifying one of higher frequency. 
Apparatus : ; ^ 


‚ rubber hamme: 


T, plasticine or Wax or 
a movable mass (a small load with adhesive tape), Stop watch or 
8top-clock, ] 
Theory : 


Beats : 


«ni 


VARIATIONS OF AMPLITUDE IN BEATS 
Fig. 40.1 


217 


When two pure notes of nearly the same pitch are sounded . 
together, periodic variations in the intensity of the sound are heard. 
These alterations of sound and comparative silence are tet med beats. 
They can be plainly recognised when two tuning forks of nearly the 
same frequency are set in vibrations together. If the forks have 
frequencies №, and № respectively, the number of beats per second 
is the difference between these frequencies, n—Ni—-N, Here N, is 
supposed greater than Na. 


This result can be explained by the principle of interference. 
The Velocity of prepapationsis the sane for the Wo notes, but the 
wavelengths differ’ slightly. Where the waves agree in phase they 
will strengthen each other, but where they are opposed they VE 
neutralise one another (Fig. 40.1). Let us take a starting point an 
instant when waves from the two sources reach the ear in the same 
phase. Atthe end of one second, the higher note has made N; 
complete vibrations, the lower note only Na. that is, the higher note 
has made (N,—N,) more vibrations than the lower. During ще 
second, one system of waves has been falling behind the other, and 
the loss amounts to (N1—N;! wave lengths. Hence there must have, 
been (N,—N;) occasions in the course of the second when the tye 
Systems agreed in phase, and (N,—Ns) occasions when the LR 
Were opposed so that there was comparative silence. In other words, 
the number of beats in one second п= №: — №. 


PLASTICINE 
OR 
MOVABLE MASS 


TUNING FORK 


f ШТИП 
í 


RESONATING 
WOODEN BOX 
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If the two notes are. nearly in unison, the beats are very slow 
andit is difficult to distinguish them. On the other hand, ifthe 
number of beats is more than four per second, it is difficult to count 
them. Wben the beats become so rapid that they cannot be sepa- 
rately perceived, a discord or dissonance is produced. 


Procedure : 


1: Таке two tall tuning forks of the same frequency mounted : 
on resonant wooden boxes. Make their frequencies slightly different 
by loading one by plasticine or wax or by tightly attaching a small 
load by adhesive tape so that it can be clamped at any part of the 
prong (Fig. 40.2). - 

Note: Both the tuning forks must be of rather good quality and 
must give audible sound forabout 8 to 10 seconds inspite 
of dissipation of energy in the resonating Бох; А 

2. Strike the tuning forks with а rubber hammer іп quick 
Succession, with roughly equal force ; carefully listen to the combined 
Sound produced by the two tuning forks. Gradual increase and 
decrease in the intensity of sound will be heard. It is due to the 


beats Produced by the superposition of waves of slightly different 
frequencies, 


. , Sound of minimum intensity and followed by maximum inten- 
sity is called one beat. 

3. Repeat the observations with the mass at other Points on 

the prong and plot a curve showing the relation between the distance 


of the mass from the free end of the Prong and the number of beats 
per second. 


Observations and Calculations $ 


Distance of mass from 


! 3 Time taken Number of beats 
the free end of the Number of | (t) рег second 
prong beats in sec a 
ту _. @ E cU 
1. 
2. 
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If Ni is the frequency of the unloaded tuning fork and N, 
is the frequency of the loaded tuning fork and since by loading, the 
frequency gets decreased, so the tuning fork of frequency N; is 
the one of higher frequency. ^ 


Number of beats per second 


NUMBER OF BEATS PER SEC. —» < 


X 
O pisraNCE OF MASS FROM __ ; 
THE FREE END OF PRONG 
Fig. 40.3 
Result : 
(a) Number of beats per sec | 
(b) The unloaded tuning fork is the one of higher frequency. 


‘Precautions 3 


d be of identical frequency and 


r about 8 to 10 


1. i 1 
Two tuning forks shoul audible sound fo! 


should be of м ARTS 
sécóndi- good quality giving 


2. There should be pin-drop silence 
Strike the tuning forks in quie 


in the laboratory. 

k succession. with equal 
force. 
close to each other. 


4. Place the two tuning forks close E 
т at minimum intensity or at 


5. Start the stop watch eithe 


maximum. intensity. 
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ORAL QUESTIONS 
(Same as in Expt. 36) 
Experiment 41 : 


To determine the wavelength of.sound by taking first and second 
resonance positions and explain the difference, if any and hence 


determine velocity of sound at room temperature and the end correc- 


tion- Also find the relation between frequency and Wavelength. 


Apparatus : 


Resonance tube apparatus, Two t 
quencies (say 480 vib/sec or hertz 
Celsius thermometer, 
A plumb line, Water, 


uning forks of different fre- 
and 512 vib/sec or hertz) or more, 


A rubber Pad, Pair;of set Squares, A beaker, 
Vernier Callipers - 


EXCITED TUNING FORK 


P OF a 
1 А WATER A 
А -> ANTINODE Е.. Ja 4 RESERVO 
N — NODE ТА 
# УЙ) 
LONG 
GLASS 
TUBE 
w. 
ATER RUBBER 
Qf TUBING 
з VERTICAL PINCH 
WOODEN BOARD COCK 
HORIZONTAL 


BOARD 


LEVELLING SCREW д J 


Fig. 41.1. Resonance Tube Apparatus 
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Theory.: 


Resonance is the phenomenon of vibratory motion produced in 
a body bythe influence of the vibrations of another body when 
their frequencies are exactly the same. 


An air column can éasily be set into vibrations with the help 
of a tuning fork. The frequency of the air column can be adjusted 
equal to that of the tuning fork by varying its length. This can us 
easily achieved with the help of an apparatus called resonance tube 
(Fig. 41.1). { : А 

The resonance tube apparatus consists of a glass tube РО about 
1 metre long and 5 cm in diameter fixed along a. metre scale on a 
vertical wooden board or stand. The lower end of the tube is con- 
nected by arubber tube toa reservior (R) which can slide up and 
down along the scale and can be clamped in any desired position. 
A part of the tube and reservoir are filled with water. By aca of 
a pinch-cock, the flow of water from the reservoir to the tu сало 
from the tube to the reservoir can be regulated. The base is provide 
with levelling screws. ; 


А ber 

Let a tuning fork of frequency ‘r’ be struck against a rub 
pad and held at the open aa (Р) of the tube as shown 5 ШЕ 
41.1 Adjust the level of water in the tube so that the air ds Sind 
begins to vibrate in resonance with the tuning fork and a lou УШУП 
is heard. Let us understand what happens when the air colu 
resonates. 


When the prong of the tuning fork starts its don iss 
from mean position, it sends down in the габата а denies 
Sion that reaches the level of water at B and is Теле at оа 
Medium аз а wave of compression. If the wave 0 owe aan 
reaches P, when the Prong of the tuning fork reaches its ЧП 
Position the sound becomes very loud and resonance тоша, xti 

ecause the tuning fork after reaching its mean POS 
upward journey and sends down in the tube a.wave of rare Svo о 
The previous wave of compression is .reflected at P Б because 
Tarefaction since the reflection takes place at rarer me зарава 
the air inside the tube being in a state of compres опаа с Coni 
tively denser than the outside air. The two waves О рЫ, and the 
thus, superimpose on each other producing stationary saline in the 
amplitude of the air particles increases, c) the tube always 
Increase of intensity in loudness. The open end he greatest and the 
acts as an antinode—a point where amplitude is the gr 


changes of pressure and density are zero and closed end as a пойе— 


a point where the amplitude is zero but the changes of pressure and 


density are maximum. ` > 


; 'the prong completes 
It is clear from above that during the time 5 
half a vibration, the wate Novels a distance equal to twice the length 


Of the air column. Hence the wave travels four times the length of 
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the air column during ihe time the prong completes one vibration. 
Since the distance that a wave travels in one period is equal to one 
‘wavelength, therefore, the wavelength—‘)’ of the note is four times 
the length /; of the air column i.e., E 


A=41, 


ا 


Similarly it may be argued that- for the second resonance 
Position during -the time the prong makes three half vibrations the 
wave travels twice the length of the air column as shown in Fig. 


` 41.1. If ‘lh? denotes the length, then ЗА 21, 
IE КЗ ЛР 


ar ЗА 


па a 


EE ERSTE 


& . ads 4l, 


==: |4, 


- h=3h. 


Ehd correction and velocity of sound at room temperature, 
It has been, however, shown by Lord Rayleigh that the. anti- 
node is not just at the open end (P) of the tube but sli i 


to be 03 D, where D is the internal diameter. of th 
Thus for the first resonance ; 
A—4[/4-03 р] 
and for second resonance Position ' 


A= з [eros 5| 


The end correction ‘x’ can be determined experimentally as 
follows : 


For 1st resonance h+x= №. i | Г, 0) 
3a 
.and for second resonance Һ+х= т (il) 
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Multiply (i) by 3 and subtract it from (ii), we have 


3(h- x) x 
| х= ah | 


Subtracting (7) from (ii), we. have 
h—h-AJ2 
A—2(1,—1h) 


Hence 1 V=nàÀ 


a A] 
or | V=2n (Ij—1) | 
| 


where V is the velocity of sound at room temperature. 


Procedure : 


1. Set the resonance tube vertical with the help of plumb line 
and levelling, screws so that the- vertical board is equidistant from 
the thread of the plumb line at every point. 


2. Pour water in the reservoir (R) and the tube (PQ). Test 
the pinch-cock j.e., the water level in the tube does not change 
whea the pinch-cock is closed and note down the room temperature 
ine, ААЛ n 

3. Strike gently a tuning fork of known frequency say 512 
hertz.on the pad. Hold it above the open end of the tube so that 


. its prongs are horizontal and vibrate in a vertical plane as in 


` Fig. 41.1. 


Now adjust the level of water in the resonance tube by raising 
and lowering the reservoir till you hear à sound of maximum 
intensity. The air column is said to vibrate due to ‘resonance’. Note 


. the position of the: water level with the help of a set square on the 


scale, Note the length of the resonance air column. This position 
corresponds to the first resonance position. 


Lower the water level in the tube further by few cms and 
then close the pinehscoek and raiso the reservoir а few расна 
Now gently open the pinch-cock so as to allow NS dd SUA 
tise slowly. Replace the vibrating tuning fork and aoe S ed a 
ofthe water level at which the intensity ОГ SP b y rad 
Note the length of air column again. The mean о г CS WO TER 
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ings gives the length /,. Confirm the resonance position by taking 
four readings, two when the water level is falling and the other two 
when the water level is rising. 


4. Lower down the reservoir to the bottom so that the length 
of air column is approximately, increased three times and proceed 
in the same way to find the second resonance position. Take the 
mean of two readings for the second resonance with the water 
level falling and rising to get ‘/,’. Repeat these observations thrice. 


5. Repeat the experiment with another tuning fork of known 
frequency (say 480 Hz) and find the mean of two values of the 
velocity of sound in air at room temperature. 


6. Measure the internal diameter of the tube with the help of 
vernier Callipers in different positions. 


7. Note the room temperature with the help of the thermo- 
meter. ; 


Observations and Calculations : 
Room temperature at the start of the experiment 
SOC 
Room temperature at the end of the experiment 


mgm..eeee : 
Mean room temperature—1*C— Ae meses ec 


Vernier constant of vernier callipers—...........cm 


Zero correction of the vernier callipers=..........., cm 


' Observed internal diameter of the tube 


=... cm 
(2)=. эзы cm 
(3)=.......ст 


Mean corrected internal{diameter (D) 
of the resonance tube=-......cm, 
Position of the upper end'of the tube=......cm 


FIRST RESONANCE: 


=) 
= SECOND RESONANCE & Е 
И EE eee sl Velocity of| Mean 
Frequency oaa алат | Mean ve Ed ‘ound in | Velocity 
ofthe | S. No. | — Position of water Qi | St Position of water Mean tS |alrattC| o 
tuning fork leve cm 2 level l4) іп [т ‘t= sound 
(n) in Hz EY E ст lë i 2n (Һ—1,)| at °C 
К & A | (emis) | (emis) 
Faline | Rising | Mean Falling | Rising | Mean 


fta = (cm) = 


SELL | 


eS pe EE 


End correction xc Hh. 


By observation x=0' ace hen <m- 


sf 
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Result : 


(1) Ап air column сап be easily set into resonant vibrations 
with the help of a tuning fork, 


(it) Wave length of the sound wave=...... cm=...... metre 
(lii) Velocity of sound in air at room temperature 
PES... cm/sec=......m/seo 
(f) End correction=......cm 
Precautiong : 


.l. The resonance tube should be vertical. 


7. 2. The tuning fork should be gently struck against a soft 
rubber pad. It should never be banged as this process will in time 
‚ cause a slight change in frequency. — i 


3. The Prongs of the tuning fork should not touch the edge of 
the tube and their ends should remain in the centre of the tube. 

4. The resonance should be obtained for water level rising as 
well as falling in the tube. 

5. The tuning fork should not be roughly handled. 


6. Reading of the lower meniscus of the water level should be 
noted with set squares. 


Sources of Error : 


(1) The presence of moisture in the tube will raise the velocity 
of sound. 


(2) Position of the resonance especially second resonance can- 
Dot be accurately determined, 


Note: Before starting the experiment the velocity of sound in 
cm/s at room temperature is calculated by V,—33200--61t where t is 
the room temperature and hence the approximate position of the 1st 


resonance is detérmined by h=% cm. Now the experiment should 


be started by keeping the water level at this position. 


ORAL QUESTIONS 
Ф. 1. Nrme the various types of vibrations ? 
Ans. There are three types of vibrations, 
(a) Free (b) Force and (c) Resonant vibrations. 
Q. 2. What are free vibrations 1 2 
Ans. When а body vibrates with its natural freq 


uency, with- 
out being disturbed by any other external force, it is said to have 


free vibrations. 
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Q. 3. What are forced vibrations ? j AS 

Ans. A body is said to execute forced vibrations if it is made 
to vibrate with a frequency other than its natural frequency by the 
application of some external force. 

и Q. 4. What are resonant (ог sympati 
is resonance ? 

Ans. A body is said to , execute r 
vibrations if it is made to vibrate with its natural frequen ВУ ne 
application of some external {оссе haying the same freque СЫА 
that of the body. This phenomenon of producing vibratory mo on 
in a body by “he influence of some external force (or A ond 
vibrating body) having the same natural frequency as 
called resonance. 

Q. 5. What is resonance column? 

Ans. It is the air column between the surfa 
the tuning fork. tube 

Q. 6. What is the function of water in the resonance 
apparatus ? ibo 

Ans. Water acts as a denser medium and теде of 
longitudinal waves produced in air due to vibration of prongs 
tuning fork. P 7 

Q. 7. Can we use any other liquid 1 Why water z 

Ans. Yes; any liquid can be used. Water used because it 


is cheapest of all, 

Q. 8. What types of waves are produced in Es tube ? 

Ans, Stationary Waves (or Standing Waves’ end of the tube, 
tube and 


hetic vibrations) ? What 


esonant (or sympathetic) 


ce of water and 


Q. 9. Is there node or antinode (i) at the upper 
(ii) at the surface of water ? f the 

Ans. There is an antinode at the UPPCf end o 
& node at the surface of water. 1 

Q. 10. When does resonance occur! | д 

Ans. Whenthe frequency of vibrating aif olam a 
equal to that of the tuning fork aad thus maxim 
duced due to resonance. 

О. 11. What is the use of pinch-co 

Ans. It is used for adjusting the 
nance tube. n1 

. 12. What is End correction * end 

a The reflection of longitudinal waves at Mich PPer tlo 

of the resonance tube takes place ata рон i 


ck? 


level of water in the reso- 


: the . end is 
higher than the open end. This distano abo to 93 times the 
called End-correction. t is Rum is called End error. 

iue: ramen рше nae tube of square,cross-section ? 


Ans. Yes : it can have any Заре: 
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Q. 14. Why do we use a long tube? 

Ans. So that we may get two resonance positions and thus 
end correction may be eliminated. - 

Q. 15. What is the effect of temperature, density and pressure à 
en the velocity of sound 2 ТД 

Ans. The velocity of sound їз directly proportional to the 
square root of absolute temperature ; inversely proportional tothe 
square root of density while pressure has no effect. 


Q. 16. In which medium is the velocity of sound greatest—iron ; 
water or air ? X 

Ans. Itis greatest in iron, less in water and least in air. 
‹ Q. 17. Are the waves in the resonance column and sonometer 
6f the same nature ? 


. Ans. No;the waves in resonance column -are longitudinal 
while in sonometer there are transverse waves. 


>. Ө. 18. Are the waves in resonance column and sonometer 
Progressive or stationary 1 

Ans. The waves in both the cases are stationary. 
pq Q. 19. How should the tuning fork be placed over the resonance 
ube. 


$ Ans. The tuning fork be placed just above the open end with 
its length perpendicular to the length of the air column. 


Q. 20. Why do you take two positions of resonance in the tube? 
Ans. To eliminate End-correction. 


Q. 21. Why is the first resonance produced at a distance of 3 
and not at =: 1 


4 Ans. Under the condition of first resonance, the resonatin 
length of the tube ís travelled twice by the compression and Nice 
by the rarefaction corresponding to one wavelength (A): There- 


fore the resonating length of the tube is one quarter (+) of a 


wave length. Moreover this resonating length is the sho 
of the resonance column of air, with an antinode at th 
and a node at the water surface. 


О. 22. Why do you get the sec 
times the first resonant length? 


Ans. In the second position at resonance, the fork completes 
three vibrations in the time the sound travels four times (two times 
compression and two times rarefaction) the length of the tube. 
Therefore, in this case the length of the air column is equal to three 
quarters of the wavelength i.e., approximately three times the first 
resonant length. 


rtest length 
€ open end 


ond position at approx. three 


\ length of second resonance air column (f 2): 
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Q. 23. Why is the second resonance feebler than the first ? 

Ans. At the second resonance, the vibration In the air column 
corresponds to the first overtone which is very weak. 

Experiment 42: 

To compare the frequencies of two tun 
nance tube and find the end correction. 
Apparatus : 

(Same as in Expt. 41). 
Theory : 

. (Same as in Expt. 41). 
Procedure : 

l. Proceed as in Experime d 
pue. дг column (/j) and the length of secon 
column (/;) with tuning fork of frequency 71’ { tes 

2. Repeat the experiment with another таша e s 
quency n, and find the length of first resonance air со 


tions in the table given 


ing forks using the reso- 


the length of first 
nt 41 and find t I ince ait 


3, Fnterthe observations & calcula! 


on page 228. 
Verification : 

q) = The values of 7, and 7s are written on м) 
nd pak tuning forks. 


(ii) End Correction: 


Vernier constant of vernier callipers—--7cm 
Zero correction of vernier callipers—---7€m 
Observed internal diameter of the tube 
(Т) ЕЕ cm (ONS cm (3) ........ cm 
Mean corrected internal diameter (D) 
of the resonance tube=----cm 
End согтесіоп=х=0'30= 020 
Result : 
(0) 
(ii) End correction—.-------- cm 


Precautions : 
(Same as in Expt. 41). 
Sources of Error: 
(Same as in Expt. 42). 
ORAL QUEST 


(Same as in Expt. 41). 


IONS 


Observations and Calculations : 


SECOND RESONANCE | Mean | m ic 


Tanin, IRST RES 
of. free ا‎ ONANGE h'—h: End correction 
quency а п h—h @) 
incm * in cm 


Posttion of water level 


Falling | Risinz | Mean 


Position of water level 


otc 
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TABLES OF PHYSICAL CONSTANTS 
SOME USEFUL CONSTANTS 


AND TABLES 
TABLE 1 © 
Densities of Some Common Substances in kg. жа”? 
Asbestos =2400 Graphite =2300 
Alcohol (ethyl) =790 Glass (Crown) = 2500 
Alcohol (methyl) =810 Glass (Flint): =2900 to 4500: 
Alum =2500 Glass (common) – =2400 to 2800 
Aluminium =2700 Ice =916 
Coal =1200 to 1500 Platinum =21850 
Wood =600 to 800 Rubber (India) . =910 to 950 
Iron (wrought) =7850 Sand =2300 to 2600 
Iron (cast) =7600 Marble ` 2500 to 2800 
Brass =8400 to 8700 Mercury = 13600 
Copper =8900 Lead =11370 
Cork =180 to 260 Copper Sulphate 
Coin (old) -10300 . Crystal =21 
Sugar =1590 Silver = 10500) 
Steel =7700 Kerosene Oil =800 
Stainless steel =7800 
Glycerine =1260 Turpentine Oil =870 
' Olive, Oil =0 
Spirit =830 Wax =900 
Petrol =800 ; Milk =1030 
Sod. Chloride =2150 Zinc =7100 
Gold =19300 Manganin = 8500 
TABLE 2 
Acceleration due to gravity at different 
places in India along with their Latitude, 
Longitude and Elevation 
Place а Lat. Long. Elevation 
g (mp?) ( NY (Е) 1 
Agra 9-7905 am . 78°02’ 15$ 
Aligarh 9:7908 27°54 78°05 187 
Allahabad 9:7894 25°27 81*51^ 94 
Banaras 9:7893 2520 83°00 81 
Bombay 9°7863 18°54 72°49 10 


Calcutta 9:7880 2239 88°20 6 
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Delhi 9:7914 
Equator 9:7805 
Jaipur 9:7900 
Udaipur 97881 
Srinagar 9:7909 
Pole 9:8322 
Madras 9'7828 
Trivandrum 977812 
Tirupati 9:7822 
Madurai 9:7810 
Bangalore 9:7803 
Gauhati 9:7899' 
Bhubaneswar 


28°40" 
00°00" 
26555 
24°35 


34°08” 


90°00’ 
13°04 
8°28” 
13°38’ 
9°55" 
12°57’ 


`26°12/ 


77°14’ 
na 
75°47 
73°44’ 
74°50’ 
na 
80°15’ 
76°58’ 


. 79°24" 


78°07 
77°37 


` 91°45 


9:7866 20°28’ 85°54’ 23 


Variation of at 


TABLE 3 


mospheric Temperature and 
Pressure with Altitude 


(At sea level Pressure=Standard Atmosphere and Temperature=15°C 


assum.) 


` Altitude Pressure ` Temperature (°C) 
(metres) (millibars) 
0 1013:25 15'0 
250 983-88 134 
500 854°61 118 
750 92634 10:1 
1000 898:75 8:5 
1500 825'56 52 
2000 794-95 2:0 
2505 74682 —12 
3000 701°08 —45 
3500 657-64 —7'8 
4000 С 616°40 —11°0 
4500 57728 —142 
5000 540°20 —17:5 
6000 471:81 —29°0 
7000 410°61 —30:5 
8000 356-00 —37-0 
9000 307-42 —43:5 
10000 264:36 -—50'0 
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TABLE. 4 
ў Surface Tension of Liquids 
Substance In contact with Temp (°C) Surface Tension 
Water Air 10 7422 
Air 20 72:55 
Air 30 7118 
Air 40. 69:56 — 
; Air 50 ‚ 6791 
Acetic acid Vapour 10 28:8 
Vapour 20 278 
Vapour 50 22,8; 
Ethyl Alcohol Air 0 eU 
Vapour 10 23:61 
Vapour 20 22:75 
Vapour 30 21°89 
Glycerol Air 20 634 
Air 90 58:6 
Methyl Alcohol Air 0 2449 
Air 20 22:61 
Va 50 20:14 
Mercury vent 20 470 
ү 100 456 
Oleic acid yes 20 325 
Kerosene Air 20 24 
Turpentine Air 20 2] 
5 TABLE 5 
Elastie-Properties of Solids 
Substance ' Young's Modulus of Bulk Breakin 
Modulus rigidity Modulus icm 
(10% Nm-?) (10 Nm?) (10% Nm-*) (kg/mm") 
Aluminium. ^ 7:03to 7-05 2:61 255 ШЕ 
Brass (70]30) 10:06 3:73 HE pir 
Cooper А ms 9-83 13:78 40 to 45. 
Gold | T8 27 217 = 
Iron (soft) 21:14 816 1022 re 
Silver 827 3:03 j Sri 
Steel (mild) 2119 8:22 Wes i A 
Silver : 7-1 to 7:4 
Rubber 0-05 0:00015 Hr m 
Wood (oak) 13 = a 26 
Wood (teak) 17 = I = 
Glass 5:1—71 31 REA HE 


Quartz 5:4 МИЕ SEM 
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TABLE 6 


Velocity of Sound 
(At 20°C unless otherwise stated) 


‘Substance Velocity of Substance Velociiy of 
longitudinal longitudinal 
А wave (018—1) wave (108—1) 
1177 Hydrogen (0° 284 
"Album 5240 ‘Iron EDO A0 
Air (0°C) e 331:45 Mercury 1451 
*Brass 3130—3450 Nitrogen (0°) 334 
*Copper (annealed) 3790 "Steel (tool) 5150 
Carbon dioxide (0°C) 259 Water 1484 
*Glass, Crown 4710—5300 Water vapour (100°C) 405 
*Glass, flint 3490—4550 Oxygen (0°C) 316 
TURO ттт к=з есе a sig 
TABLE 7 
Standard Wire Gauge 
. . Size (S.W.G.) Diameter (mm) Size (S.W.G.) Diameter (mm) 
1 T:62 16 1:63 
2 7-01 1 142 
3 6:40 18 122 
4 5:89 19 1:02 
5 5:38 20 0:914 
6 4:88 21 0:813 
7 447 22 0711 
8 4:06 23 0:610 
9 3:66 24 0:559 
10 3:25 25 ' 
11 2:95 26 
12 2:64 27 
13 2:34 28 
14 2:03 29 
15 1:83 30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


E case of solids velocities of loagitüdinal waves in thin rods are quoted. 
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TABLE 8 
Coefficient of friction of common things 
Substance Condition Coefficlent of dynamic 
friction 
Glass on glass Clean and dry ] 0:18 
Wood on glass Clean and dry 0:2 to 0'3 
Wood on wood Clean and dry 0:25—0:5 
Wood on steel Clean and dry 0:20 to 0'25 
Steel on ateel Clean and dry 017-023 
Steel on steel Greased 0:05 
Stone on concrete Dry 0:45 
Car tyre on concrete Moderate speed 0:40 
TABLE 9 
Coefficient of expansion 
Solids Coefficient of . Liquids Coefficient of 
linear expansion volume expansion. 
° 10-*К-\ 10-*K-t 
Aluminium 24 Alcohol (ethyl) 112 
Brass 18 to 19 Alcohol (methy!) 122 
Copper 16:7 Benzene 124 
Constantan 18 Ether (ethyl) 163 
Glass (Pyrex) 3 Glycerine 32 
Glass (soft soda) 8:5 Mercury re 
Iron (cast) 10:0 Water (15°C) 15 
Iron (wrought) 12:0 Water (99°C) 7 
Ice 51:0 Kerosene Oil 10:0 
Steel 110 Turpentine ZA 
Load 23-0 Olive Ой n2 
Zinc 28:0 
Platinum 8:9 


Silver ` 19:2 


Density of Water at Various Temperatures (in gm/cm?) 


"TABLE 10 


Temp Р 
€ 0 2 4 6 8 10 12 14 16 18 
0 99987 99997 1:00000 99997 99988 :99973 ۰99953 *99927 *99897 99862 
20 99822 "99780 :99732 99681 99626 “99567 "99505 “99440 *99371 *9930 
40 ۰9922 9915 9907 `9898 9890 | `9881 *9872 "9862 9853 "9843 
60 ۰9832 ۰9822 ۰9811 9801 9787 :9778 9767 *9755 *9743 “9731 
80 ‘9718 “9706 9693 ۰9680 9667 9653 +9640 *9626 *9612 "9598 
100 :9584 — — = = — — — I — 
TABLE—11 
‘Boiling Points of Water at Various Barometric Heights 
mm 0 1 2 3 4 5 6 7 8 9 
700 97:709 748 788 827 866 906 945 984 98:023 062 
710 98:102 141 180 219 . 258 296 335 374 413 451 
720 98:490 529 567 606 644 683 721 759 798 816 
730 98:874 912 950 989 99:027 065 102 140 178 216 
740 99:254 292 329 367 405 442 480 517 554 592 
750 99:629 666 704 741 778 815 852 889 926 963 
760 100:00 037 074 110 147 184: 220 257 294 330 


SET 


TABLE 12 


Vapour Pressure of Water at Various Temperatures i 


14 16 18 

40 55:13 61:30 68:05 7443 83:59 92:30 101:9 11273 123°6 135: 
60 1492 163:6 1791 195:2 214-0 233:5 2545 2171 30r3 327:2 
iu 335-1 3848 4167 450°8 4871 | 5258 | 567:1 611:0 6577 707:3 


LET 
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NOTES 


_ APPENDIX 
Logarithm Tables 
LOGARITHMS 


4|s |e] 7 | s| »has[ase[vs9 
0170 5 9 13 | 172126 | 303438 


0294 | 0334 | 0374 [4 8 12 | 162024 | 283236 
162023 | 273135 
151822| 262933 
141821 | 252832 


0569 


0934 


EXE 2718 
247| 91113| 161520 
2967 | 2989 81113] 151719 |. 


151719 


101213 
101113 
101112 
91112 
9 1012 
9:1011 
1011 
1011 
9 10 
9.10 
9 10 


4886 | 4900 

5024 | 5038 

^| 5159-| 5172 

5289 | 5302. 

5416 | 5428 
5539 | 5551 
5658 | 5670 
STIS | 5786 
5888 | 5899 
5999 | 6010 


° 


о хо 
s 


ے ہے مه ص اص د ده ډه اتن ۾ с‏ = 
за јо о c‏ ډه ډه ي 
o о о ojo e e e‏ € 


L 


LOGARITHMS 


5 [6[7 ШЕ BES 456] 789 
7033 |7042 { 7050 SR EL 123 345 678 
ms |7126} 7135 | 7143 | 152 | 123 | 345| 678 
7202 |7210 | 7218 122 345 677 
7284 |1292| 7300 122 345 667 
7364 |7372 | 7380 122 345 667 
7443 |7451 | 7459 122 345 7 
7520 |7528 | 7536 122 | 345 1 
7597 |7604 |7612 | 7619 W290 5 1 
762 |2679 | 7686 | 764 112 | 344 1 
3512 344 7 
112 [| 344 6 
112 | 344] 566 
112 334 566 
112 | 334| 556 
112 334 556 
112 | 334| ss6 
112°] 334| 556 
112 | 334] 556 
112 | 334] 456 3 
BELAZ 234| 456 | 
112 | 234| 456 
112 | 234] 45 s|" 
112 | 234| 455 
112 | 234] 455 
112 234 455 
aN aA ES | 
112 | 233] 455 | 
112 445 | 
112 445 | 
112 445 | 
112 445 | 
112 445 | 
112 445 | 
112. 445 | 
112 44 5| i 
112 . | 
112 х 
011 | 
011 | 
011 
011 
011 | 
011 | 
011 . 
011 
011 
011 
011 | 
9917 | 9921 | 9926 [9930 | 9934 | 9939] 9943 9948 011 
| 99|| 9955] 9961 | 9965 | 9969] 9974 | 9978 |9983 | 9987 | 9991 011 


ANTILOGARITHMS 


101112 
101113 
101113 
101213 
11214 
111214 
111314 
111315 
121315 
121315 
121416 
1214 16| 
131416 
131517 
131517 
141517 
141618 
141618 
151719 
151719 
151720 
161820 
161820 


NATURAL SINES 


9 e م‎ Njeje تأت ده دم‎ o س‎ ele س س‎ o wle wee wle ت س‎ woo ت س س ت‎ әгә ш wu 


ю bip este 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
4 


9 
9 
9 
e) 
9 
9 
9 
9 
9 
9 
9 
9 
9 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
7 
7 
zi 
y 
7 
7 
7 
7 
7 
7 
3 
6 
6 
6 


NATURAL SINES 


Mean 
Differences 


NATURAL COSINES Ў 
[Numbers in difference columns to be subtracted, not added] . . 


NATURAL COSINES 
` [Numbers in difference columns to be subtracted, not added. 7, 


| Mean 
H 0' 6' | 12 18' 24'4 30' | 36' 42' 48' 54' | Differences 
HI 


90-1 [0-2 |0*3 | 0*4| o*5 |06 0*7 [123] 4 5 


8 10 
811 
9.11 
911 
91 
911 
911 
912 
912 
9 12 
10 12 
10 12 
10 12 
10 12 
10 13 
10 13 
10.13 
10 13 
10 13 
11 13 
11 13 
11 14 
11 14 
11 14 
11 14 
11 14 
11 14 
11 14 
11 14 
11 14 
11 14 
|1114 
Tl 14 
11 14 
11 14 
12 14 
12 14 
12 14 
12 14 
12 14 
12 15 
12 15 
12 15 
12 15. 
12 15 


(viii) 7 


NATURAL TANGENTS | 


ai Leese E 
0*3] 0*4 . 9 T NS Энг = 
sl 0°.5 6| 07.7 | 07.8 [0.9 |123] 4 5 
ae 0070 | 0087 | 0105} 0122 NEE 
s 369 | 1215 
3E 369 12 15 
ER 3 69 | 1215 
369 |1215 
0928 369 |1215 
1104 369 |1215 
к 369 |1215 
369 |1215 
369 |1215 
369 |1215 
369 |1215 
3.6 9 |1215 
369 |1215 
36:9 |1216 
369 |1316 
369 |1316 
3 610 | 1316 
3 610 | 13 16 
3710 | 13 16 
3710 | 1317 
3710 | 1317 
3710 | 1417 
3710 | 1417 
4711 | 1418 
4711 | 1418 
4711 | 1518 
4711 | 1518 
4810 | 1519 
4812 | 1519 
4 8 12. | 1620 
4 812 | 16 20 
4 812 | 16 20 
4813 | 1721 
4913 | 17 2 
4913 | 18.2 
5914 |1823 
5914 | 182 
5914 | 19% 
51015 | 2024 
15 1015 | 20 25 
51016 | 21 26 
51116 | 21 27 
61117. | 2228 
61117 | 2329 


NATURAL TANGENTS 


| 30| 36'Î 42 | ag | sgi | Марте 
04 | 0°.5 | 06| 0°.7 0°.8 09112 3/4 s 
0141 | 0176 6 12 18 24 30 
0501 | 0538 6 12 18° 25 31 
0875 | 0913 61319 | 25:32 
1263 | 1303 7 13 20 | 2733 
1667 | 1708 7 14 21 | 28 34 
714 22 | 29 36 
81523 | 30 38 
8 16 24 | 31 39 
8 16 25 33 41 
917 26 | 34 43 
9 18 27 | 36 45 
10 19 29 | 38 48 
10 20.30 | 40 so 
120732 | 43 5 
12 » | 145 56 
12 %4 36.| 48 60 
26 38 | si | 
л 41 | ss 68 
29 4 | se 73 
31.47 63 78 
34 51 | 68 85 
37 55 | 73 92 
40 6) | 79 59 
43 65 | 87108 
47 7i | зї 
$2 78 | 104191 
58 87 116145 
64 96 | 129161 
72108 144 180 
81122 | 163204 
93139 | 186232 
53107 160 213 267 
Mean differences cease 
to be sufficiently 
accurate, 


LOGARITHMS OF SINES 


3| e| ej1 | 18°] 24| 30| 36 4p | 54' sens 
Zi] o-o[o.1,0:2 | 0.3 | 04| 0.5 0.6 0.8 09115 3145 

—eo [32419] 3:029 | 7190) e| эхо |20200 zu [on 

22419 3210| 355s 3880|° 4179 | 4459 4971 | 5206 

2508]: 5842 

ae ee 16 32 48 | 6480 

Inm кот 13 26 39 | 5265 

4455 | 33 22 11 ا 

10192 0334 oao 

оэ me 8 17 25 | 3442 

Bra d 8 15 23 | 3038 
إا‎ 1:1943 714 20 | 2734 
10|| 1-2397 6 12 19 | 2531 
11|| 12806 61117 | 2328 
12| 13179 511 16 | 2126 
13|| 13521 eons 2024 
14|| 13837 5 914 | 1823 
15|| 14130 4 913| 21 
16| 14403 4 812|.1620 
17]| 14659 4 811| 1519 
18|| 14900 4 71 | 1418 
19|| 1:5126| 3 710 | 1417 
20|| 1-5341 3 610| 1316 
21|| Т.5543 3:6 9| 1215 

` | 22|| 1.5736 3 6 9| 1215 
23||1:5919 3 6 8| 1114 
24|| 1.6093 3 5 8| 1113 
25|| 1.6259 з $ 8| 1013 
26|| T-6418 2 5 7| 1012 
27|| T-6570 25 7| 912 
28| 1.6716 247| 91 
29 || 1.6856 246| 91 
30|| 1.6290 2.4 6| 810 
31| 7118 2 4 6| 810 
32|| T-7242 24 6| 810 
33j| 1:7361 24 6} 79 
34|| 17476 2745] T9 
35|| 12586, zi uu 
36|| 1.7692 235$5]| 78 
37|| 17795 2 315] 68 
38|| 17893 AS, Seo 
39|| T-7989 134| 67 
40|| T8081 13 4| 67 
41| 18169 13 4] 67 
42|| 18255 134| 57 
43|| T-8338 134| 56 
44|| 71-8418 aji 
п 


LOGARITHMS OF COSINES 


[Numbers in difference columns to bé subtracted, not added.] 


о о оч а 


i 2 16; | 2 os Differences 
Ei 0°.0 | 0°.1 | 07.2 45 
€ || 0.0000 | осоо 00 
1 || 15959 | 9999 V0 
2 || E9997. | 9997 (9) 
з || 1.9994 | 9994 on 
4 || T9989 | 9989 9.0 
ѕ | 1-983 | 9983 ge 
T9976 | 9975 AN 
T9968 | 9967 і | 


е‏ ن ن ج ج نخ »۾ 


о, о © о | می‎ їл |» nee ajau ш س‎ |ы шы 


` LOGARITHMS OF COSINES 
[Numbers in difference columns to be subtracted, not added]. 


12 | 12 [ 24 | 30" Mes Tus] 
0'2 0*3] 0°.4 | 0°.5 Differences 

1 123 [4 5 

ве | sas; з T 56 
8386 | 8378 34 5 7 
8305 | 8297 34 6 7 
8221 | 8213 awa a 
8134 | 8125 esa ea 
зи | sms Е ИЯ 
7951 | 7941 SEU Ao 
35| 7 8 

33179 

45|75 

46|75 

46 8 10 

4 6 | 810 

4 6 | s10 

46] on 

47] оп 

rx) 912 

57 |2012 

$58 10 13 

58 11 13 

68 nu 

6 9 | 1215 

6 9 | 1215 

13 


0046 |2.9970 |29894 
9226 | 9135 | 9042 | 8946 
8213 | 8098 | 7979 | 7857 
6889 | 6731 | 6567 | 6357 
4971 | 4723 | 4459 | 4179 
1450 | 0870 | 0200 [3.9408 


(xiv) 


LOGARITHMS OF TANGENTS 


эз о taj > шы = ө | Degrees 
= J 


GS = Slo 


Mean 
Differences 


со бо © æ صأض‎ co ف‎ c =| c c e \о|\о o e o 


LOGARITHMS OF TANGENTS 


2135 
3599 
5819 
9800|20591 | 24561] 22310 


(xvi) 


